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(54) NOVEL PYRIDONECARBOXYLATE DERIVATIVE OR SALT THEREOF AND ANTIBACTERIAL 
CONTAINING THE SAME AS ACTIVE INGREDIENT 



(57) The invention provides a pyridonecarboxylic 
acid derivative of the following general formula (1): 



COORl 




(1) 



wherein R 1 is a hydrogen atom or carboxy protecting 
group, R 2 is a nitro or substituted or unsubstituted 
amino group, R 3 is a halogen atom, each of R 4 and R 5 , 
which may be the same or different, is a hydrogen atom, 
halogen atom, lower alkyl group or lower alkoxy group, 
A is a nitrogen atom or - CX= wherein X is a hydrogen 
atom, halogen atom, lower alkyl group or lower alkoxy 
group, and 2 is a halogen atom or a saturated cyclic 
amino group which may have a substituerit, or a salt 
thereof and an antibacterial agent comprising the same. 
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FIELD OF THE INVENTION 

5 This invention relates to a novel pyridonecarboxylic acid derivative or salt thereof having improved antibacterial 
action and peroral absorption and an antibacterial agent comprising the same. 

BACKGROUND ART 

10 Among compounds having pyridonecarboxylic acid as a basic skeleton, many are known to be useful as synthetic 
antibacterial agents because they have superior anti-bacterial action and a broad antibacterial spectrum. Inter alia, nor- 
floxacin (JP-A 141286/1978). enoxacin (JP-A 31042/1980), ofloxacin (JP-A 46986/1982), ciprofloxacin (JP-A 
76667/1983), tosufloxacin (JP-A 228479/1985), etc. are widely used in clinical treatment as an infectious disease rem- 
edy. 

is These compounds, however, are still unsatisfactory in antibacterial activity, enteral absorption, metabolic stability 
and side effect, especially phototoxicity and cytotoxicity. 

DISCLOSURE OF THE INVENTION 

20 The present invention has been made under the above-mentioned circumferences and its object is to provide novel 
pyridonecarboxylic acid derivatives or salts thereof which are satisfactory in antibacterial action, enteral absorption, 
metabolic stability and side effects, especially phototoxicity and cytotoxicity, and an antibacterial agent comprising the 
same. 

In view of the foregoing circumstances, the present inventors have carried out on extensive investigation with a view 
$g : toward obtaining clinically improved synthetic antibacterial agents. As a result, it has been found that compounds rep- 
•rQ resented by the formula (1) described below exhibit excellent antibacterial activities against gram negative and gram 
VX \ positive bacteria, are very low toxic, and are quite useful as synthetic antibacterial agents, leading to the completion of 
' ! '.S[ \ the invention. 

; More specifically, the present invention provides a pyridonecarboxylic acid derivative represented by the following 
j»j general formula (1): 



R 6 0 




wherein R 1 is a hydrogen atom or carboxy protecting group, R 2 is a nitro or substituted or unsubstituted amino group, 
R 3 is a halogen atom, each of R 4 and R 5 , which may be the same or different, is a hydrogen atom, halogen atom, lower 
alkyl group or lower alkoxy group, R 6 is a hydrogen atom, halogen atom, hydroxy group, lower alkyl group or amino 
group, R 7 is a hydrogen atom or halogen atom, A is a nitrogen atom or -CX= wherein X is a hydrogen atom, halogen 
so atom, lower alkyl group or lower alkoxy group, and Z is a halogen atom or a saturated cyclic amino group which may 
have a substituent, or a salt thereof. 

The present invention also provides an antibacterial agent comprising the pyridonecarboxylic acid derivative or salt 
thereof as an active ingredient. 

55 BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention is described below in detail. In conjunction with the substrtuents in the pyridonecarboxylic 
acid derivative of general formula (1) according to the invention, the term lower" means that the substituents have 1 to 
7 carbon atoms, especially 1 to 5 carbon atoms when they have a chain structure and 3 to 7 carbon atoms when they 
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are cyclic. » 

In general formula (1), the carbaxy protecting group represented by R 1 is an ester residue of a carboxylic ester, for 
example, ester residues which are relatively easily cleaved to liberate a corresponding free carboxyl group. Exemplary 
groups are those groups which are eliminated by such treatment under moderate conditions as hydrolysis and catalytic 

5 reduction, for example, lower alkyl groups such as methyl group, ethyl group, n-propyl group, i-propyl group, n-butyl 
group, i-butyl group, t-butyl group, pentyt group, hexyl group, and heptyl group; lower alkenyl groups such as vinyl group, 
ally) group, 1-propenyj group, butenyl group, pentenyl group, hexenyl group, and heptenyi group; aralkyl groups having 
7 to 11 carbon atoms such as benzyl group; and aryl groups having 6 to 14 carbon atoms such as phenyl group and 
naphthyl group, or those groups which are readily eliminated in a living body, for example, lower alkanoyloxy lower alkyl 

10 groups such as acetoxymethyl group and pivaloyloxymethyl group; lower altaxycarbonyloxy lower alkyl groups such as 
methoxycarbonyloxymethyl group and 1-ethoxycarbonyloxyethyl group; lower alkoxy lower alkyl groups such as meth- 
oxymethyl group; lactonyl groups such as phthalidyl group; di-lower alkyiamino lower alkyl groups such as 1 -dimethyl- 
aminoethyt group; and (5-methyl-2-axo-1,3-dioxoW-yl)methyl group. It is especially preferred that R 1 is a hydrogen 
atom. 

is In the substituted amino group represented by R 2 , the substituents include lower alkyl groups such as methyl 
group, ethyl group, n-propyl group, i-propyl group, n-butyl group, i-butyl group, t-butyl group, pentyt group, hexyl group, 
and heptyl group; lower alkenyl groups such as vinyl group, allyl group, 1-propenyl group, butenyl group, pentenyl group, 
hexenyl group, and heptenyi group; aralkyl groups having 7 to 11 carbon atoms such as benzyl group and 1 -phenylethyl 
group; aryl groups having 6 to 14 carbon atoms such as phenyl group and naphthyl group; lower alkanoyl groups such 
20 as formyl group, acetyl group, propionyl group, butyryl group, and isobutyryl group; lower alkoxycarbonyl groups such 
as methoxycarbonyl group and ethoxycarbonyl group; aroyl groups having 7 to 15 carbon atoms such as benzoyl group 
and naphthoyl group; amino acid residues or oligopeptide residues such as glycyl, leucyl, valyl, atanyl, phenylalanyl, 
alanyl-alanyl, glycyl-valyl, and glycyl-glycyl-valyl, and amino acid residues or oligopeptide residues whose functional 
group is protected with a protective group conventionally used in peptide chemistry such as an acyl and lower aralkyl 
rfi 25 group, or cyclic amino groups. There may be contained one or two substituents which may be selected from the same 
Z \ or different types. It is expected that compounds protected with such an amino acid residue or peptide residue are 

; improved in water solubility. 
::f ; Preferably. R 2 is selected from an amino group, (lower alkyQamino groups, di-(lower alkyl)amino groups, (lower 

Q alkanoyl)amino groups, amino acid-substituted amino groups, and oligopepttde-substrtuted amino groups. More prefer- 
:!fl 30 ably, R 2 is selected from an amino group, methylamino group, ethylamino group, dimethylamino group, formylamino 
' jr group, glycyl-amino group, leucyl-amino group, valyl-amino group, alanyl-amino group, and alanyl-alanyl-amino group, 
. h ; with the amino group being most preferred. 

^5 \ Examples of the halogen atom represented by R 3 , R 4 , R 5 , R 6 , and R 7 include a fluorine atom, chlorine atom, bro- 
; :=¥ mine atom and iodine atom. Inter alia, fluorine or chlorine atom is preferred, with the fluorine atom being most preferred. 
\ z 35 Examples of the lower alkyl group represented by R 4 , R 5 , R 6 , and X include a methyl group, ethyl group, n-propyl 
jQ group, i-propyl group, n-butyl group, i-butyl group, t-butyl group, pentyl group, hexyl group, and heptyl group, with the 
£ ; methyl group being most preferred. Examples of the lower alkoxy group represented by R 4 , R 5 , and X include a meth- 
:M ; oxy group, ethoxy group, n-propoxy group, n-butoxy group, and t-butoxy group. 

\ A preferred combination of R 4 and R 5 is a combination of a halogen atom and a hydrogen atom. More preferably, 
%m R 4 is a fluorine atom or chlorine atom and R 5 is a hydrogen atom. Most preferably R 4 is a fluorine atom and R 5 is a 
: hydrogen atom. It is especially preferred that R 4 is substituted at the para-position relative to R 2 . 
W Examples of the halogen atom represented by X and Z include a fluorine atom, chlorine atom, bromine atom and 

iodine atom, with the fluorine atom and chlorine atom being especially preferred. 

The compound of formula (1) has a naphthyridine skeleton when A represents a nitrogen atom and a quinoline 
45 skeleton when A represents -CX=. Compounds of formula (1) wherein A is a nitrogen atom and -CCI= are especially 
preferred. 

Where Z is a saturated cyclic amino group which may have a substituent, the cyclic amino group may contain in its 
ring one or more hetero atoms such as nitrogen atoms, oxygen atoms and sulfur atoms and carbonyl carbon and may 
be mono-, di- or tri-cyclic. Preferred monocyclic rings are 4 to 7-membered rings, preferred dicyclic rings are 7 to 1 1- 

50 membered rings, and preferred tricyclic rings are 9 to 15-membered rings. Examples of the cyclic amino group include 
saturated monocyclic 3 to 7-membered cyclic amino groups having one nitrogen atom such as aziridin-1 -yl, azetidin-1 - 
yl, pyrrolidin-1-yl, and piperidin-1-yt; saturated monocyclic 3 to 7-membered cyclic amino groups having two nitrogen 
atoms such as piperazin-1 -yl and homopiperazin-1 -yl; saturated monocyclic 3 to 7-membered cyclic amino groups hav- 
ing a hetero atom selected from oxygen and sulfur atoms in addition to a nitrogen atom such as oxazolidin-3-yl, mor- 

55 pholin-4-yl, thiazolidin-1 -yl, and thiomorpholin-4-yl; saturated di- and tricyclic amino groups such as tetrahydroquinolin- 
1 -yl; and spiro and crosslinked, saturated 5 to 12-membered cyclic amino groups such as 2,8-diazaspiro[4.4]nonan-2- 
yl, 5-azaspiro[2.4]heptan-5-yl, 7-azabicyclo[2.2.1]heptan-7-yl, 2,8-diazabicyclo[4.3.0]nonan-8-yl l 5-methyl-2,5-diazabi- 
cycto[2.2.1]heptan-2-yl, 2,5-diazabicyclo[2.2.1]heptan-2-yl, and 3,8-diazabicyclo[3.2.1]octan-3-yl. 

The atoms forming the ring of these saturated cyclic amino groups may have appropriate substituents. Examples 
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of the substrtuent group include a hydroxy! group, lower alky* groups, substituted or unsubstrtuted amino groups, sub- 
stituted or unsubstrtuted amino lower alkyl groups, lower alkoxy groups, and halogen atoms. 

Examples of the lower alkyl group which can be a substituent on the saturated cyclic amino group include those 
having 1 to 7 carbon atoms such as a methyl group, ethyl group, propyl group, butyl group, pentyl group, hexyl group. 

s and heptyl group; examples of the lower alkoxy group include those having 1 to 7 carbon atoms such as a methoxy 
group, ethoxy group, and n-propoxy group; examples of the halogen atoms include a fluorine atom, chlorine atom, and 
bromine atom. Among the substituents on the saturated cyclic amino group, the substituted amino groups and substi- 
tuted amino lower alkyl groups have substituents which are as described for R 2 . Especially preferred examples of these 
substituted amino groups and substituted or unsubstrtuted amino lower alkyl groups include a methylamino group, 

jo ethylamino group, dimethylamino group, aminomethyl group, 1-aminoethyl group, 2-aminoethyl group, 1 -amino- 1 -ethyl 
group, methylaminomethyl group, ethylaminomethyl group, dimethylaminomethyl group, glycyl-amino group, leucyl- 
amino group, valyl-amino group, alanyl-amino group, and aJanyl-atanyl-amino group. 

Preferred among these saturated cyclic amino groups are groups of the following formulae (a) and (b). 



15 



JL J 2 J 3 Jl J2 

20 (CH 2 ) e N- Y N — 



25* 



•(CH 2 ) g 

(a) (b) 



i W \ In the formulae, Y is an oxygen atom, sulfur atom or NR 8 wherein R 8 is a hydrogen atom or lower alkyl group, letter 
e is a number of 3 to 5, f is a number of 1 to 3, g is a number of 0 to 2, each of J 1 , J 2 and J 3 , which may be the same 
E, or different, is a hydrogen atom, hydroxyl group, lower alkyl group, amino lower alkyl group, amino group, lower alkyl 
; _h amino group, lower alkoxy group or halogen atom. 

;S ; Examples of the lower alkyl group, amino lower alkyl group, lower alkyl amino group, lower alkoxy group and halo- 

: ' ~ gen atom in formulae (a) and (b) are as described above for R 2 to R 5 . 

/ The cyclic amino groups of formula (a) are, for example, azetidin-1 -yl, pyrrolidin-1 -yl, and piperidin-1 -yl groups and 
the cyclic amino groups of formula (b) are, for example, piperazin-1-yl group, morpholin-4-yl group, thiomorpholin-4-yl 

£ group, homopiperadin-1-yl group, N-thiazolidinyl group, and N-oxazoiidinyl group. Among these, the cyclic amino 

;M= groups of formula (a) are preferred, with the azetidin-1 -yl and pyrrolidin-1 -yl groups being especially preferred. 

\m \ Especially preferred examples of the groups of formulae (a) and (b) are given below. 

4oL. \ Included are 3-aminoazetidin-1 -yl group, 3-methylaminoazetidin-1 -yl group, 3-dimethylaminoazetidin-1 -yl group, 3- 
: : ^aminomethylazetidin-1-yl group, 3-amino-2-methylazetidin-1-yl group, 3-amino-3-methyl azetidin-1 -yl group, 3-alan- 
ylaminoazetidin-1-yl group, 3-valyl-aminoazetidin-1-yl group, 

pyrrolidin-1 -yl group, 3-hydroxypyrrolidin-1-yl group, 3,4-dihydroxypyrrolidin-1-yl group, 3-methoxypyrrolidin-1-yl 
group, 3-methylpyrrolidin-1-yl group, 3-hydroxy-4-methylpyrrolidin-1-yl group, 3-aminopyrrolidin-1-yl group, 3 -methyl - 

45 aminopyrrolidin-1-yl group, 3-dimethylaminopyrrolidin-1-yl group, 3-ethylaminopyrrolidin-1-yl group, 3-diethylaminopyr- 
roltdin-1-yl group, 3-aminomethylpyrrolidin-1-yl group, 3-amino-3-methylpyrrolidin-1-yl group, 3-amino-4- 
methylpyrrolidin-1-yl group, 3-amino-5-methylpyrrolidin-1-yl group, 3-methylamino-4-methylpyrrolidin-1-yl group, 3- 
dimethylamino-4-methylpyrrolidin-1-yi group, 3-ethylamino-4-methylpyrrolidin-1-yl group, 3<liethylamino-3-methyipyr- 
rolidin-1-yl group, 3-diethylamino-4-methylpyrrolidin-1-yl group, 3-aminomethyl-4-methylpyrrolidin-1-yl group, 3-methyl- 

so aminomethyl-4-methylpyrrolidin-1-yl group, 3-dimethylaminomethyl-4-methylpyrrolidin-1-yl group, 3-ethylaminomethyl- 
4-methylpyrrolidin-1-yl group, 3-(1-aminoethyl)-4-methyipyrrolidin-1-yl group, 3-(2-aminoethyl)-4-methylpyrrolidin-1-yl 
group, 3-amino-4-ethylpyrrolidin-1-yl group, 3-methylamino-4-ethylpyrrolidin-1-yl group, 3-dimethylamino-4-ethylpyrroli- 
din-1-yl group, 3-ethylamino-4-ethylpyrrolidin-1-yl group, 3-diethylamino-4-ethylpyrrolidin-1-y( group, 3-aminomethyl-4- 
ethylpyrrolidin-1-yl group, 3-methylaminomethyl-4-ethylpyrrolidin-1-yl group, 3-dimethylaminomethyl-4-ethylpyrrolidin- 

55 1-yl group, 3-amino-3-methylpyrrolidin-1-yl group, 3-methylamino-3-methylpyrrolidin-1-yl group, 3-dimethylamino-3- 
methylpyrrolidin-1-yl group, 3-amino-3,4-dimethylpyrrolidin-1-yl group, 3-amino-4,4-dimethylpyrrolidin-1-yl group, 3- 
amino-4,5-dimethylpyrrolidin-1-yl group, 3-amino-2,4-cDmethylpyrrolidin-1-yl group, 3-methylamino-3,4-dimethylpyrroli- 
din-1-yt group, 2-methyl-3-aminopyrrolidin-1-yl group, 2-methyl-3-dimethylaminopyrrolidin-1-yl group, 3-amino-4-meth- 
oxypyrrolidin-1-yl group, 3-alanyl-aminopyrrolidin-1-yl group, 3-valyl-aminopyrrolidin-1-yl group, 
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piperadin-1-yl group, 4-methylpiperadin-1-yl group, 3-methytpiperadin-1-yl group, 2-methyfpiperadin-1-yt group, 
3,4-dimethylpiperadin-1-yl group, 3,5-dimethyipiperadin-1-yl group, 3.3<Jimethyjpiperadin-1-yl group, 3,4,5-trimethyl- 
piperadin-1-yl group, 

piperidin-1-yl group, 4-aminopiperidin-1-y1 group, 4-dimethyiaminopiperidin-1-yt group, 4-hydroxypiperidin-1-yl 

5 group, 

morpholin-4-yl group, 2-aminomethylmorpholin-4-yl group, 2-methylaminomorpholin-4-yl group, 2-dimethylami- 
nomorpholin-4-yl group, thiomorpholin-4-yl group, 

homopiperadin-1-yl group, 4-methylhomopiperadin-1-yl group, N-thiazolidinyl group, and N-oxazolidinyl group. 
More preferred combinations of R 1 , R 2 , R 3 . R 4 , R 5 , R 6 , R 7 , A and Z in general formula (1) are such that R 1 is a 
10 hydrogen atom; R 2 is an amino group, (lower alkyt)amino, di(lower alkyQamino group, (lower alkanoyi)amino group, 
amino acid-substituted amino group or oligopeptide-substituted amino group; R 3 is a halogen atom; R 4 is a halogen 
atom; R 5 is a hydrogen atom; R 6 is a hydrogen atom; R 7 is a fluorine atom; A is a nitrogen atom, -CH= or -CCI=; and Z 
is a group of formula (a). Further preferably, R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , A and Z are combined such that R 1 is a hydro- 
gen atom; R 2 is an amino group; R 3 is a fluorine atom or chlorine atom; R 4 is a fluorine atom or chlorine atom (substi- 
75 tuted at the para-position relative to R 2 ); R 5 is a hydrogen atom; R 6 is a hydrogen atom; R 7 is a fluorine atom; A is a 
nitrogen atom or -CCI=; and Z is a group of formula (a) wherein e = 3 or 4. 

The pyridonecarboxytic acid derivative or salt thereof (1) may form either an acid addition salt or a base addition 
salt. Included in the salts are chelate salts with boron compounds. Examples of the acid addition salt include (A) salts 
with mineral acids such as hydrochloric acid and sulfuric acid; (B) salts with organic carboxylic acids such as formic 
20 acid, citric acid, trichloroacetic acid, trrfluoroacetic acid, fumaric acid, and maleic acid, and (C) salts with sulfonic acids 
such as methanesulfonic acid, benzenesulfonic acid, p-toluenesulfonic acid, mesitylenesulfonic acid, and naphthale* 
nesulfonic acid. Examples of the base addition salt include (A*) salts with alkali metals such as sodium and potassium, 
(B*) salts with alkaline earth metals such as calcium and magnesium, (C 1 ) ammonium salts, and (D*) salts with nitroge- 
nous organic bases such as trimethylamine, triethytamine, tributylamine, pyridine, N.N-dimethylaniline, N-methylpiperi- 
!,g 25 dine, N-methylmorpholine, diethylamine, cyclohexylamine, procaine, dibenzylamine, N-benzyl-p-phenethylamine, 1- 
^ i ephenamine, and N.N'-dibenzylethylenediamine. Exemplary boron compounds include boron halides such as boron 
jjE \ fluoride and lower acyloxyboron compounds such as acetoxyboron. 

; The pyridonecarboxytic acid derivatives or salts thereof (1) can be present not only as non-solvates, but also as 

W ; hydrates or solvates. Therefore, the compounds of the invention include all crystal forms and hydrates or solvates 
jljji 30 thereof. 

'£ The pyridonecarboxylic acid derivatives or salts thereof (1) can be present as optical active compounds. These 

i,Q optical active compounds are also involved in the compounds of the invention. Moreover, the compounds (1) can be 
]m \ present as different stereoisomers of cis and trans forms. These stereoisomers are also involved in the compounds of 
1 " : the invention. 

35 The pyridonecarboxylic acid derivatives or salts thereof (1) are prepared by any desired method which complies 
with a particular type of substituent. One exemplary method is described below. 

i!^ ; Procedure 1 

40 Those compounds of general formula (1) wherein R 1 is a hydrogen atom or lower alkyl group and Z is a halogen 
v ; atom are prepared, for example, by procedure 1 represented by the following reaction scheme. 
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f | In the formulae, R 1a is a lower alkyl group, R 9 is a lower alkoxy group or a group -NR 12 R 13 wherein each of R 12 and 

1 30 R 13 is a lower alkyl group, each of R 10 and R 11 is a lower alkyl group, L 1 is a halogen atom, Z 1 is a halogen atom, R 2 * 

is a substituted amino group, R 2 , R 3 , R 4 , R 5 , R 6 , R 7 . and A are as defined above. 
; j More particularly, inventive compound (1a) - (1d) is obtained by reacting a compound (A) with an ortho-formic ester 

s \ (H) such as ethyl ortho-formate or methyl ortho-formate and then with a compound (J), then effecting cyclization reac- 
tion, and nitrating the resulting compound (C); inventive compound (1b) is obtained by reducing the compound (1a); 
„ 35 inventive compound (1c) is obtained by alkylating or acylating the compound (1b); and inventive compound (1d) is 
f obtained by hydrolyzing the compound (1c). The compound (1d) is also obtainable by hydrolyzing the compound (1b). 
p Reaction between compound (A) and ortho-formic ester (H) is generally carried out at 0 to 1 60°C, preferably 50 to 
£ \ 150°C while the reaction time is generally 10 minutes to 48 hours, preferably 1 to 10 hours. The molar amount of ortho- 
formic ester (H) used is at least equal to, especially 1 to 10 times the molar amount of compound (A). 
^ 40 Reaction with compound (J) is carried out without a solvent or in a suitable solvent. Carboxylic anhydrides such as 
; acetic anhydride are desirably added as reaction aids. Any desired solvent may be used herein insofar as it does not 
& affect the reaction. Exemplary solvents include aromatic hydrocarbons such as benzene, toluene, and xylene; ethers 
such as diethyl ether, tetrahydrofuran, dioxane, monoglyme, and diglyme; aliphatic hydrocarbons such as pentane, hex- 
ane, heptane, and ligroin; halogenated hydrocarbons such as methylene chloride, chloroform, and carbon tetrachloride; 
45 aprotic polar solvents such as dimethyfformamide and dimethyisulfoxide; and alcohols such as methanol, ethanol, and 
propanol. This reaction is generally carried out at 0 to 150°C, preferably 0 to 100°C while the reaction time is generally 
10 minutes to 48 hours. The molar amount of compound (J) used is at least equal to, especially 1 to 2 times the molar 
amount of compound (A). 

Alternatively, compound (B) can be derived by reacting compound (A) with an acetal such as N.N-dimethyfforma- 
so mide dimethylacetal and N-dimethylformamide diethylacetal and then with compound (J). Any desired solvent may be 
used in the reaction with an acetal insofar as it does not affect the reaction, and exemplary solvents are as described 
above. The reaction is generally carried out at 0 to 150°C, preferably room temperature to 100°C while the reaction time 
is generally 10 minutes to 48 hours, preferably 1 to 10 hours. 

Compound (B) is subject to cyclization to yield compound (C). This reaction is carried out in the presence or 
55 absence of a basic compound in a suitable solvent. Any desired solvent may be used herein insofar as it does not affect 
the reaction. Exemplary solvents include aromatic hydrocarbons such as benzene, toluene, and xylene; ethers such as 
diethyl ether, tetrahydrofuran, dioxane, and monoglyme; halogenated hydrocarbons such as methylene chloride, chlo- 
roform, and carbon tetrachloride; alcohols such as methanol, ethanol, propanol. and butanol; and aprotic polar solvents 
such as dimethyHormamide and dimethyisulfoxide. The basic compounds used herein include alkali metals such as 
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metallic sodium and metallic potassium; metal hydrides such as sodium hydride and calcium hydride; inorganic salts 
such as sodium hydroxide, potassium hydroxide, sodium carbonate and potassium carbonate; alkoxkjes such as 
sodium methoxide, sodium ethoxide, and potassium t-but oxide; metal fluorides such as sodium fluoride and potassium 
fluoride; and organic bases such as triethytamine and 1 ,8-diazabicyclo[5A0]undecene (DBU). This reaction generally 
5 uses a reaction temperature of 0 to 200°C, preferably room temperature to 1 80°C and generally completes in 5 minutes 
to 24 hours. The molar amount of the basic compound used may be at least equal to, preferably 1 to 2 times the molar 
amount of compound (B). 

Compound (C) is subject to nitration to produce inventive compound (1a). For nitration, conventional methods used 
in the nitration of aromatic compounds are applicable. The nitrating agents include a mixed acid of nitric acid or a nitrate 
w combined with sulfuric acid, and acetyl nitrate. The amount of mixed acid used in the reaction is 1 equivalent to greater 
excess of sulfuric acid and 1 equivalent to greater excess of nitric acid per equivalent of compound (C). The reaction is 
carried out, for example, by adding compound (C) to mixed acid. Preferably the reaction temperature is -10°C to 80°C 
and the reaction time is 5 minutes to 5 hours. 

Compound (1b) can be obtained by reducing compound (1a). 
is For the reduction, conventional methods are applicable, for example, a dissolved metal reduction method using 
zinc, iron, tin, tin (II) chloride or the like in acidic solution, a reduction method using sulfides such as sodium sulfide, 
sodium hydrosurfide, and sodium dithionite, and a catalytic reduction method using platinum, Raney nickel, platinum 
black (Pt-C), palladium-carbon (Pd-C) or the like. 

Compound (1d) wherein R 1 is a hydrogen atom can be obtained by hydrolyzing compound (1b) or if desired, by 
20 alkylating or acylating compound (1b) followed by hydrolysis. 

For the hydrolysis, any reaction conditions used in conventional hydrolysis reaction are applicable. For example, 
hydrolysis is carried out in the presence of a basic compound such as sodium hydroxide, potassium hydroxide, sodium 
carbonate and potassium carbonate; a mineral acid such as hydrochloric acid, sulfuric acid, and hydrobromic acid; or 
an organic acid such as p-toluenesulfonic acid, in a solvent including water, an alcohol such as methanol, ethanol, and 
M ; propanol, an ether such as tetrahydrofuran and dioxane, a ketone such as acetone and methyl ethyl ketone, and acetic 
ir jj acid or a mixture of such solvents. This reaction is generally carried out at room temperature to 180°C, preferably room 
!;'??% I temperature to 140°C while the reaction time is generally 1 to 24 hours. 

\ZL \ The alkyiation reaction to produce inventive compound (1c) may be carried out by reacting compound (1b) with an 
W ; alkylating agent such as a dialkyl sulfate, alkyl iodide and alky] bromide corresponding to a desired alkyl group, prefer- 
W ably in the presence of a base such as sodium carbonate and potassium carbonate in a solvent such as N,N-dimethyl- 
: =:p fbrmamide and N-methylpyrrolidone at a temperature of room temperature to about 150°C. The alkyiation reaction can 
: i.'D : also be carried out in the co-presence of a carbonyl compound corresponding to a desired alkyl group by a catalytic 
jrg ; reduction method using platinum, Raney nickel, platinum black, and palladium-carbon. The acylation reaction can be 
7 carried out by any conventional methods used in acylating an amino group, for example, by reacting compound (1b) 
35: ; ; with an acyl chloride corresponding to a desired acyl group or acid anhydride in a solvent, for example, halogenated 
r s £ hydrocarbons such as methylene chloride, chloroform, carbon tetrachloride, and chlorobenzene; aromatic hydrocar- 
: 4" ■ bons such as benzene and toluene; ethers such as tetrahydrofuran and dioxane; aprotic polar solvents such as ace- 
; tonitrile and N,N-dimethyrformamide at 0°C to room temperature or in the presence or absence of a base such as 
;;~fl : pyridine, picoline, N.N-dimethylaniline, N-methylmorpholine, dimethylamine, triethytamine, sodium carbonate, and 
4Vj \ potassium carbonate at -70 to 100°C, or by reacting with an acid such as formic acid and acetic acid or acid anhydride 
!;7i [ at room temperature to 150°C. 

^ It is noted that a compound of general formula (1) wherein R 6 is an amino group is preferably obtained by starting 
with a compound (A) wherein R 6 is a halogen atom, carrying out the above-mentioned reactions to convert it into com- 
pound (1a), (1b), (1c) or (1d), and thereafter aminating the halogen atom. 

45 Compound (1 b) can also be synthesized by the following method. 
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In the formulae, R 14 is an amino protecting group. R 1a , R 3 , R 4 , R 5 , R 6 , R 7 , R 9 , L 1 , Z\ and A are as defined above. 
More particularly, compound (1b) can be obtained by reacting the above-mentioned compound (A) with an ortho- 
35 formate (H) to form an acrylate (D), condensing and cyclizing the acrylate (D) with a phenylenediamine (K) to form a 
compound (L), and thereafter removing or deprotecting the amino protecting group. 

The reactions for deriving compound (L) from compound (A) may be carried out under the same conditions as the 
above-mentioned reactions for deriving compound (C) from compound (A). 

Deprotection of the amino protecting group (mainly an acyl group and carbamoyl group) is carried out by hydrolysis 
: 40 with an acid or alkali. The conditions are the same as the above-mentioned hydrolysis to compound (1b) or (1c). 



Procedure 2 

Those compounds of general formula (1) wherein Z is a saturated cyclic amino group which may have a substituent 
45 are prepared, for example, by procedure 2 represented by the following reaction scheme. 
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In the formulae, Z 2 is a saturated cyclic amino group which may have a substituent, R 1 , R 2 , R 3 . R 4 , R 5 , R 6 . R 7 , Z 1 , 
and A are as defined above. 

More particularly, compound (O) is obtained by aminating compound (N) with a compound represented by the for- 
mula: Z 2 -H. 

i|; ; This reaction is carried out in a solvent which does not affect the reaction, for example, aromatic hydrocarbons such 
>[i ; as benzene, toluene, and xylene; alcohols such as methanol and ethanol; ethers such as tetrahydrofuran, dioxane, and 
; S ; monoglyme; halogenated hydrocarbons such as methylene chloride, chloroform, and carbon tetrachloride; aprotic polar 
[si } solvents such as dimethyKormamide, dimethylsuKoxide, and N-methylpyrrolidone; acetonitrile and pyridine, optionally in 

} the presence of a neutralizing agent such as sodium carbonate, calcium carbonate, sodium hydrogen carbonate, tri- 
W ethylamine, and 1,8-diazabicyclo[5.4.0]undecene (DBU), at room temperature to 160°C. The reaction time is several 
: 4= minutes to 48 hours, preferably 10 minutes to 24 hours. The molar amount of compound Z 2 -H used is at least equal to, 
especially 1 to 5 times the molar amount of compound (N). It is noted that where R 1 is a carbcxy protecting group, it can 

\ be converted into a hydrogen atom by hydrolysis if desired. 

( Procedure 3 

■ Those compounds of general formula (1) wherein R 1 is a carboxy protecting group are prepared, for example, by 
;M= ; procedure 3 represented by the following reaction scheme. 
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In the formulae, R 1b is a carbcocy protecting group, L z is a halogen atom, R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , A, and Z are as 
defined above. 
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More particularly, compound (Q) is obtained by reacting compound (P) with a halide R 1b - L 2 . Examples of the sol- 
vent which can be used herein include aromatic hydrocarbons such as benzene and toluene; halogenated hydrocar- 
bons such as methylene chloride and chloroform; aprotic polar solvents such as dimethytformamide and 
dimethylsulfoxide; and inert solvents such as acetonitrile. The reaction temperature is generally room temperature to 
5 about 100°C. This reaction is preferably carried out in the presence of a basic compound such as triethyl amine, diiso- 
propylethylamine, dicyclohexylamine, DBU, sodium carbonate, potassium carbonate, and sodium hydroxide. 

Where the reactant compounds used in the aforementioned Procedures 1 to 3 contain a group which does not par- 
ticipate in the relevant reaction, such as amino, imino, hydroxy, mercapto or carboxyl group, it is acceptable to carry out 
reaction with that group protected and remove the protective group by a conventional technique after the completion of 
jo reaction. The protective group may be any of groups which can be removed without disrupting the structure of an inven- 
tive compound resulting from the reaction, and groups commonly used in the chemical fields of peptides, amino sugar, 
and nucleic acids are useful. 

The starting compound (A) can be prepared by the methods described in the following literature or similar methods. 

75 1) J. Heterocyclic Chem., 22, 1033 (1985) 2) Liebigs Ann. Chem., 29 (1987) 

3) J. Med. Chem., 31, 991 (1988) 

4) J. Org. Chem., 35, 930 (1970) 

5) JP-A 246541/1 987 

6) JP-A 26272/1987 
20 7) JP-A 145268/1988 

8) J. Med. Chem., 29. 2363 (1986) 

9) J. Fluorin Chem., 28, 361 (1 985) 

10) JP-A 198664/1988 

11) JP-A 264461/1 988 
,fl25 12) JP-A 104974/1988 

13) EP-A 230948 
'%[ 14) JP-A 2823984/1990 

; 15) Publication of the Japanese translation of International Patent Application No. 502452/1991 

! 3 j 1 6) J. Het. Chem., 27, 1609 (1990) 

«fS The inventive compounds thus obtained are isolated and purified in a conventional manner. Depending on the iso- 

\,0 : lating and purifying conditions, the compounds are obtained in the form of a salt, free carboxylic acid or free amine. 
]m I Since these forms are interchangeable as desired, the inventive compound can be produced in the intended form. 
; ; The inventive compounds (1) or salts thereof can be formulated as an antibacterial agent with pharmaceutically 
L : 35 acceptable carriers to form compositions suitable for parenteral administration such as injection, rectal administration 
M and instillation, and oral administration in solid or liquid form. 

The antibacterial agent composition of the invention for parenteral injections may take the form of an aqueous or 
;M: \ nonaqueous solution, suspension or emulsion in pharmaceutically acceptable sterile water or nonaqueous solvent, 
irfi • Examples of the suitable nonagueous carrier, diluent, solvent or vehicle include propylene glycol, polyethylene glycol, 
^40 vegetable oils such as olive oil, and injectable organic esters such as ethyl oleate. Such compositions may further con- 
\:~\ \ tain adjuvants such as antiseptic agents, humectants, emulsifiers and dispersants. The composition may be sterilized 
: by passing through a bacteria-collecting filter, or by introducing a sterilizer as such or in the form of a sterile solid com- 
position soluble in a certain amount of another sterile injectable medium. 

In preparations for instillation, a solubilizer, preservative, isotonic agent, thickener or the like may be added to the 
45 inventive compound. 

Solid preparations for oral administration include capsules, tablets, pills, powders, and granules. The solid prepa- 
ration is generally formulated by mixing the inventive compound with at least one inert diluent such as sucrose, lactose 
and starch. In preparing such a preparation, an additional agent other than the inert diluent such as a lubricant (e.g., 
magnesium stearate) may also be used. In the case of capsules, tablets and pills, a buffer agent may be used. Tables 

so and pills may be covered with enteric coatings. 

For liquid preparations for oral administration, there may be used inert diluents which are commonly used by those 
skilled in the art, for example, phamaceutically acceptable water-containing emulsions, solutions, suspensions, syrups 
and elixirs. In the composition, adjuvants, for example, humectants, emulsifiers, suspending agents, sweeteners, sea- 
soning agents and flavoring agents may also be blended in addition to the inert diluents. Preparations for rectal admin- 

55 istration may preferably contain an excipierrt such as cacao butter or suppository wax in addition to the inventive 
compound. 

The dose of the inventive compound (1) varies with the form of a compound to be administered, administration 
route, desired treating period and other factors although the daily dose is preferably about 0.1 to 1,000 mg/kg, espe- 
cially about 0.5 to 100 mg/kg of adult. If desired, the daily dose may be administered in two to tour portions. 
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Since the inventive compounds (1) and salts thereof have very high antibacterial activity, low phototoxicity and cyto- 
toxicity, they can be widely used not only as human and animal medicines, but also as medicines for fish disease med- 
icines, pesticides, food preservatives and the like. Moreover, the inventive compounds are expected to have antiviral 
activity, especially anti-human immunodeficiency virus (HIV) activity and thus believed effective for the prevention and 
s treatment of aids. 

Examples of the invention are given below together with reference examples by way of illustration and not by way 
of limitation. 

Reference Exqmple 1 

10 

Ethyl 7<hloro-6-fluoro-1,4-dihydro-4-axo-1-(2,4,6-trifl^ 

With ice cooling, 5 ml of a toluene solution containing 1.39 ml of 2,4,6-trifluoroaniline was added dropwise to 10 ml 
of a toluene solution containing 6.40 g of ethyl 2-(2,6-dichloro-5-f luoronicotinoyl)-3-ethoxyacrylate and stirred overnight 

is at room temperature. The solvent was distilled off then to the residue, ethanol was added. The resulting crystals were 
collected by filtration and washed with diethyl ether, to give ethyl 2,6«iichloro-5-f luoronicotinoyl-3-(2 ( 4,6-trrf luorophe- 
nyi)aminoacrylate. To 9 ml of a N,N-dimethylformamide solution containing 2.0 g of ethyl 2,6-dichloro-5-fluoronicotinoyl- 
3-(2,4,6-trifluorophenylamino)acryiate was added 0.63 g of potassium carbonate. The solution was stirred for 90 min- 
utes at room temperature. The reaction solution was poured into ice water, the precipitated solid was collected by f iltra- 

20 tion and washed with ethanol and diethyl ether, to give 1 .38 g of the title compound. 



Properties: colorless powder 

mp: 158-160°C 
1 H-NMR(CDCI 3 ) 6: 

m 1 .41 (t, J = 7 Hz, 3H), 4.42 (q, J = 7 Hz, 2H), 6.92-7.06 (m, 2H), 8.48 (d ( J = 1 1 Hz, 1H), 8.49 (s, 1 H) 



\M [ Reference Example 2 

M I Ethyl 7-chloro-1-(2-chloro-4-fluorophenyl)-6-fluoro^^ 

0 : 

£ The title compound was obtained by the similar procedure as Reference Example 1 except that 2-chloro-4-fluoro- 
■h aniline was used. 

1 Properties: colorless powder 

4jmp: 177-178°C 
I W 1 H-NMR (CDCI3) 8: 

S I 1.41 (t, J = 7 Hz, 3H), 4.41 (q, J = 7 Hz, 2H), 7.23 (dd, J = 3 Hz, 8 Hz, 1H), 7.36-7.51 (m, 2H), 8.49 

:|=# ; (d, J = 7 Hz, 1H), 8.49 (s, 1H) 

4cL I Reference Example 3 

! is ^ Ethyl 1-(2-chloro-4-fluorophenyl)-6,7-difluoro-1,4-dihydro-4-oxoquinoline-3-carboxylate: 

With ice cooling, 5 ml of a chloroform solution containing 1.2 ml of 2-chloro-4-fluoroaniline was added dropwise to 
45 1 3 ml of a chloroform solution containing 2.46 g of ethyl 2-(2,4,5-trifEuorobenzoyQ-3-ethoxyacrylate and stirred overnight 
at room temperature. The solvent was distilled off then to the residue, ethanol was added. The resulting crystals were 
collected by filtration and washed with diethyl ether, to give ethyl 2-(2,4,5-trifluorobenzoyl)-3-(2-chioro-4-fluorophe- 
nyiamino)acrylate. To 15 ml of a N,N-dimethylformamide solution containing 3.00 g of ethyl 2-(2,4,5-trifiuorobenzoyl)-3- 
(2-chloro-4-f luorophenylamino)acrylate was added 1 .03 g of potassium carbonate. The solution was stirred for 90 min- 
50 utes at room temperature. The reaction solution was poured into ice water, the precipitated solid was collected by filtra- 
tion and washed with ethanol and diethyl ether, to give 2.74 g of the title compound. 

Properties: colorless plates 

mp: 220°C (decomposed) 

55 1 H-NMR(CDCI 3 )8: 

1 .40 (t, J = 7 Hz, 3H), 4.39 (q, J = 7 Hz, 2H), 6.54 (dd. J = 6 Hz, 1 1 Hz, 1 H), 7.46 (dd. J = 3 Hz, 7 
Hz, 1H), 7.56 (dd, J = 5 Hz, 9 Hz, 1H), 7.50-7.64 (m, 2H), 8.25-8.38 (m, 1H), 8.34 (s. 1H) 
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FWence Example 4 

Ethyl 7-chloro-1 -(4-chloro-2-f luorophenyl)-6-f luoro-1 ,4-dihydro-4-cxo-1 ,8-naphthyridine-3-carboxyiate: 

5 The title compound was obtained by the similar procedure as Reference Example 1 except that 4-chloro-2-f luoro- 
aniline was used. 

Properties: colorless powder 

mp: 216-218°C 
w 1 H-NMR(CDCI 3 )6: 

1.41 (t, J =* 7 Hz, 3H), 4.40 (q, J <= 7 Hz, 2H) ( 7.34-7.45 (m, 3H), 8.47 (d, J = 9 Hz, 1 H), 8.55 (s, 1 H) 

Reference Example 5 

is Ethyl 7-chloro-6-fluoro-1-(4-fluoro-2-meW 

The title compound was obtained by the similar procedure as Reference Example 1 except that 4-f luoro-2-methyl- 
aniline was used. 

20 Properties: colorless powder 

mp: 199-200°C 
1 H-NMR(CDC1 3 ) 5: 

1.40 (t, J = 7Hz, 3H),2.06(S, 3H), 

4.41 (q, J = 7 Hz, 2H), 7.05-7.1 7 (m, 2H), 7.23 (d, J = 5 Hz, 1 H), 8.48 (d, J = 7 Hz, 1H), 8.51 (s, 1 H) 

Example 1 

| Ethyl 7-chloro-H2,4<iffluoro-5-nitrophenyl)^-fluo^ 

fflbo To 8 ml of cone, sulfuric acid was added 2.00 grams of ethyl 7-chloro-1-(2,4-difluorophenyl)-6-fluoro-4-oxo-1,4- 

' JE dihydro-1 ,8-naphthyridine-3-carboxylate. With ice cooling and stirring, to the solution was added 600 mg of potassium 

Vy nitrate in portions. The solution was stirred at room temperature for 30 minutes to complete nitration. Then the reaction 

: solution was poured into a stirred mixture of 150 ml of chloroform and 100 ml of ice water. After stirring at room temper- 

: . ature for 15 minutes, the reaction solution separated. The chloroform layer was dried over anhydrous magnesium sul- 

L 55 fate and then concentrated in vacua. The precipitated crystals were dispersed in ethanol, collected by filtration and 

W washed with ethanol and then with diisopropyl ether to give 2.08 g of the title compound. 

! Properties: colorless needles 

•m \ mp: 256-257°C 

\^io 1 H-NMR(CDCI 3 )8: 

/ 1.41 (t, J = 7 Hz, 3H), 4.42 (d, J = 7 Hz, 1 H), 7.37 (t, J = 9 Hz, 1 H), 8.35 (t, J «= 7 Hz, 1 H), 8.49 (d, 

!^ J = 7 Hz, 1H),8.54(s, 1H) 

Ex a m ple 2 

45 

7-chloro-6-f luoro-1 -(2,4-dif luoro-5-nrtrophenyl)-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carboxyiic acid: 

To 25 ml of cone, sulfuric acid was added 6.0 grams of 7-chloro-1 -(2,4-dif luorophenyl)-6-f luoro-4-oxo-1, 4-dihydro- 
1,8-naphthyridine-3-carboxy)ic acid. With ice cooling and stirring, to the solution was added 5.0 g of potassium nitrate 
so in portions. The temperature was slowly elevated to 80°C at which stirring was continued for 2 hours. The reaction solu- 
tion was allowed to cool, poured into 200 g of ice water, and allowed to stand overnight. The precipitate was collected 
by filtration, washed with distilled water, ethanol and diisopropyl ether, and air dried, to give 6.4 g of the title compound. 

Properties: colorless powder 

55 mp: 262-265°C (decomposed) 

1 H-NMR (CDCI 3 )5: 

8.15 (t. J o 11 Hz, 1H), 8.79 (d. J = 7 Hz, 1H), 8.86 (t, J = 8 Hz, 1H), 9.17 (s. 1H) 
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ExfiTOte 3 

1 -(2,4-dif luoro-5-nitrophenyl)-6,7-difluoro-1 ,4-dihydro-4-axoquinoline-3-carbcxylic acid: 

5 To 40 ml of cone, sulfuric acid was added 4 g of 1-(2,4KlrfluorophenyO-6,7-difluoro-1,4^dihydro-4-oxoquinoline-3- 
carboxylic acid. Potassium nitrate (3.6 mg) was added in portions to the solution, which was stirred for 1 hour at room 
temperature. The reaction solution was poured into ice water and stirred overnight. The precipitated solid was collected 
by filtration and washed with water, ethanol and diethyl ether to give 4.2 g of the title compound. 

10 Properties: pale yellow powder 

mp: >270°C 
1 H-NMR(CDCI 3 ) 6: 

7.70 (dd. J = 6 Hz. 12 Hz, 1H), 

8.21 (t, J = 11 Hz, 1H), 8.36 (t. J = 9 Hz, 1H), 8.93 (t, J = 8 Hz, 1H), 9.10 (s, 1H) 

15 

Example 4 

Ethyl 1-(2,4-drfluoro-5-nitropheny0-6,7-difluoro-1,4^ 

20 To 40 ml of dichtoroethane was added 4.2 g of 1-(2,4-difluoro-5-nitrophenyl)-6,7-difluoro-1 t 4-dihydro-4-axoquino- 
line-3-carboxylic acid. With ice cooling, 7 g of oxalyl chloride was added dropwise. After the completion of addition, the 
solution was stirred for 2 hours at room temperature. Ethanol (15 ml) was added dropwise to the reaction solution, 
which was stirred overnight at room temperature. The reaction solution was concentrated in vacua, ethanol was added 
to the residue, and the solid was collected by filtration and washed with diethyl ether to give 3.7 g of the title compound. 

: .E \ Properties: pale yellow powder 

Wmp: 165-1 73°C 
Ri 1 H-NMR(d 6 -DMSO)5: 

; ■ 2.74 (t, J = 7 Hz, 3H), 4.37 (q, J = 7 Hz, 2H), 7.47 (dd, J = 10 Hz, 1 1 Hz, 1H), 8.1 1-8.24 (m, 

step 1 2H), 8.72 (s. 1 H), 8.93 (t J = 9 Hz, 1 H) 

; k Examples 

1 -(2,4-difluoro-5-nitrophenyl)-6 l 7,8-trifluoro-1 ,4-dihydro-4-oxoquinoline-3-carbcxylic acid: 

i □ To 10 ml of cone, sulfuric acid was added 1 .7 g of 1 -(2,4-difluorophenyl)-6,7,8-trifluoro-1 ,4-dihydro-4-oxoquinoline- 
yp 3-carboxylic acid. Potassium nitrate (1 .5 g) was added in portions to the solution, which was heated at 60°C and stirred 
overnight. The reaction solution was allowed to cool down, poured into ice water, and stirred overnight. The precipitated 
;rn solid was collected by filtration and washed with water, ethanol and diethyl ether to give 1 .7 g of the title compound. 

i 

i '^ Properties: pale yellow powder 

|W mp: 245-255°C 
1 H-NMR(d 6 -DMSO)6: 

8.17 (t. J = 10 Hz, 1H), 8.26 (t, J = 9 Hz, 1H), 8.97 (s, 1H), 9.00 (t, J = 8 Hz. 1H) 

45 

Example 6 

Ethyl 1 -(2,4-dif luoro-5-nitrophenyJ)-6,7 ( 8-trif luoro-1 ( 4-dihydro-4-oxoquinoline-3-carboxylate: 

so The title compound was obtained by the similar procedure as Example 4 except that 1 -(2,4-dif luoro-5-nitrophenyl)- 
6,7,8-trif luoro-1 ,4-dihydro-4-oxoquinoline-3-carbaxy!ic acid was used. 

Properties: colorless powder 

mp: 210-217°C 
55 1 H-NMR(d 6 -DMSO)8: 

1.27 (t, J = 7 Hz, 3H), 4.26 (q, J = 7 Hz, 2H), 8.07 (t, J * 11 Hz, 1H), 8.16 (t, J = 10 Hz, 1H), 
8.64 (s, 1H), 9.00 (t, J = 8Hz,1H) 
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7-chloro-6-f luoro-1 ,4-dihydro-4-oxo-1 -(2,3.4-trif luoro-5-nitrophenyl)-1 ,8-naphthyrkJine-3-cart>oxyIic acid: 

To 10 ml of cone, sulfuric acid was added 890 mg of 7-chloro^-fluoro-1,4-dihydro-4-oxo-1-(2,3,4-trifluorophenyi)- 
1 ,8-naphthyridine-3-cartx)xylic acid. Potassium nitrate (730 mg) was added in portions to the solution, which was stirred 
at room temperature for 2 days. The reaction solution was allowed to cool, poured into ice water, and stirred overnight. 
The precipitated solid was collected by filtration, washed with water, ethanol and diethyl ether to give 860 mg of the title 
compound. 

Properties: yellow powder 

mp: 216-221°C 
1 H-NMR(d 6 -DMSO)5: 

8.72-8.84 (m, 2H), 9.11 (s, 1H) 

Example 8 

Ethyl 7<hloro-6-fluora-1,4-dihydro-4-oxo-1-(2,^ 

The title compound was obtained by the similar procedure as Example 4 except that 7-ch!oro-6-f luoro-1 ,4<lihydro- 
4-0x0-1 -(2,3,4-trifluao-5-nitrcvhenyl)-1,8-naphthyridine-3-carboxylic acid was used. 

1 H-NMR(CDCI 3 ) 8: 

1.41 (t, J = 7 Hz, 3H), 4.42 (q, J = 7 Hz, 2H), 8.18-8.26 (m, 1H), 8.59 (d. J = 8 Hz, 1H), 8.54 
(s,1H) 

Example 9 

6,7-dif luoro-1 ,4-dihydro^4-oxo-1 -(2,3,4-trifluoro-5-nitropheny0<|uinoline-3-carboxylic acid: 

To 10 ml of cone, sulfuric acid was added 830 mg of 6, 7-dif luoro-1, 4-dihydro-4-oxo-1-(2,3,4-trifluorophenyl)-quino- 
line-3-carboxylic acid. Potassium nitrate (710 mg) was added in portions to the solution, which was stirred at 100°C for 
3 days. The reaction solution was allowed to cool, poured into ice water, and stirred overnight. The precipitated solid 
was collected by filtration, washed with water, ethanol and diethyl ether to give 700 mg of the title compound. 

Properties: pale yellow powder 

mp: >21 5°C (decomposed) 

1 H-NMR(d 6 -DMSO)6: 

7.76 (dd. J = 6 Hz, 11 Hz,1H), 

8.37 (t, J = 9 Hz, 1 H), 8.85 (t, J = 6 Hz, 1 H), 9.07 (s, 1 H) 

ExamplQ 1Q 

Ethyl 6,7-drf luoro-1 ,4-dihydro-4-oxo-1 -(2,3,4-trif luoro-5-nitrophenyl)-quinoline-3-carbaxylate: 

The title compound was obtained by the similar procedure as Example 4 except that 6,7-dif luoro-1 ,4-dihydro-4-oxo- 
1 -(2,3,4-trif luoro-5-nitrophenyl)-quinoline-3-carboxylic acid was used. 

Properties: colorless powder 

mp: 106-1 15°C 

1 H-NMR(CDCI 3 ) 8: 

1 .27 (t r Jo7 Hz, 3H), 4.24 (q, J « 7 Hz, 2H), 7.53 (dd, J = 6 Hz. 1 1 Hz, 1H), 
8.16 (t, J = 10 Hz, 1H), 8.69 (s, 1H), 
8.83 (t, J o 8 Hz, 1H) 
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Example 11 

Ethyl 7-chloro-6-f luoro-1 ,4-dihydro-4-0KO-1-(2,4 ( 6-trifluoro-3-nitrophenyl)-1 ,8-naphthyridine-3-carboxylate: 

s The title compound was obtained by the similar procedure as Example 1 except that ethyl 7<hloro-6-f luoro-1 ,4- 
dihydro-4-oxo-1 -(2,4,6-trifluorophenyI)-1 ,8-naphthyridine-3-carboxylate was used. 

Properties: yellow powder 

mp: 177-184°C 
10 1 H-NMR(CDCI 3 )8: 

1.42 (t, J = 7 Hz, 3H), 4.43 (q, J = 7 Hz, 2H), 7.24 (t, J = 1 1 Hz, 2H), 8.49 (s, 1 H), 
8.50 (d. J = 10 Hz. 1H) 

Example 12 

15 

Ethyl 7-chloro-1 -(2-chloro-4-f luoro-5-nitrophenyl)-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carbaxylate: 

The title compound was obtained by the similar procedure as Example 1 except that ethyl 7-chloro-1-(2-chloro-4- 
fluorophenyf)-6-f luoro-1, 4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylate was used. 

20 

Properties: colorless needles 

mp: 237-242°C (decomposed) 

1 H-NMR (CDCI 3 ) 8: 

1.41 (t, J = 7 Hz, 3H), 4.40 (q, J = 7 Hz, 2H), 7.62 (d, J = 10 Hz, 1H), 8.19 (d, J = 8 Hz, 1H), 
m ; 8.50 (d, J = 8 Hz, 1 H) ( 8.55 (s, 1 H) 

Example 13 

W ithyl 1-(2-chloro-4-fluoro-5-nitrophenyi)^^ 

£ The title compound was obtained by the similar procedure as Example 1 except that ethyl 1 -(2-chloro-4-f luorophe- 
\h nyl)-6, 7^iif luoro-1 ,4-dihydro-4-oxoquinoline-3-carboxylate was used. 

Properties: pale yellow needles 

sL mp: 216-219°C 
W 1 H-NMR(CDCI 3 ) 6: 

:; E 1.41 (t. J = 7 Hz, 3H), 4.40 (q, J = 7 Hz, 2H), 6.53 (dd, J = 6 Hz, 12 Hz, 1H), 

iii i 7.77 (d. J o 1 1 Hz, 1 H), 8.32 (s, 1 H), 

\fk \ 8.26-8.35 (m, 1 H), 8.40 (d, J = 7 Hz, 1 H) 

^ Exarnpigu 

Ethyl 7-chloro-1 -(4-chloro-2-fluoro-5-nitrophenyl)-6-fluoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carbQxylate: 

45 The title compound was obtained by the similar procedure as Example 1 except that ethyl 7<hloro-1 -(4-chloro-2- 
fluorophenyl)-6-f luoro-1, 4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylate was used. 

Properties: colorless needles 

mp: 219-221°C 
so 1 H-NMR(CDCI 3 )8: 

1.41 (t, J = 7 Hz, 3H), 4.40 (q. J = 7 Hz, 2H), 7.62 (d, J « 10 Hz, 1H), 8.19 (d, J = 8 Hz, 1H), 
8.50 (d, J o 8 Hz. 1 H), 8.55 (s, 1 H) 

Example 15 

55 

Ethyl 7-chloro-6-f luoro-1 -(4-f luoro-2-methyl-5-nitrophenyl)-1 ,4<lihydro-4-oxo-1 ,8-naphthyridine-3-carboxylate: 

The title compound was obtained by the similar procedure as Example 1 except that ethyl 7-chloro-6-f luoro-1 -(4- 
fluoro-2-methylphenyl)-1 t 4-dihydro-4-oxo-1 ,8*naphthyridine-3-carboxyfate was used. 
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Properties: colorless powder 

mp: 215-216°C 
1 H-NMR (CDCI3) 8: 

1.41 (t,J = 7Hz, 3H),2.19(S. 1H), 

4.43 (q, J o 7 Hz, 2H), 7.41 (d, J = 8 Hz, 1H), 8.11 (d, J = 7 Hz, 1H), 8.50 (s, 1H), 
8.52 (d, J = 8 Hz, 1H) 

Example 16 

Ethyl 1 -(3-amino-4 ( 6-drfluorophenyl)-7-chloro-6-fluoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carboxylate: 

Ethyl 7-chloro-6-fluoro-1-(2,4Kiifluoro-5-nrtr^ (3.0 g) 

was added to a mixture of 50 ml of dichloromethane, 30 ml of ethanol, and 2 ml of cone, hydrochloric acid together with 
280 mg of 1 0% palladium on carbon whereupon hydrogenation was carried out overnight at room temperature. Pyridine 
(2 ml) was added to the reaction solution, which was concentrated in vacua. To the residue were added 80 ml of chlo- 
roform and 10 ml of distilled water. The chloroform layer was separated, dried over anhydrous magnesium sulfate and 
then concentrated in vacua. Ethanol (8 ml) was added to the residue whereupon the solution was allowed to stand at 
room temperature. The precipitate was collected by filtration and washed with ethanol and then with diisopropyl ether 
to give 1 .95 grams of the title compound. 

Properties: colorless powder 

mp: 208-210°C 
1 H-NMR(d 6 -DMSO) 8: 

1 .27 (t t J = 7 Hz, 3H), 4.24 (q, J = 7 Hz, 2H), 7.1 1 (t, J = 8 Hz, 1 H), 7.47 (t, J = 10 Hz, 1 H), 8.53 
(d,J = 8Hz, 1H),8.71 (s, 1H) 

Example 17 

1-(3-amino-4,6-difluorophenyl)-7-chloro-6-fluoro-1 ,4-dihydro-4-oxo-1 t 8-naphthyridine-3-carboxyiic acid: 

To 0.6 g of ethyl 1 -(3-amino-4,6-dif luorophenyl)-7-chloro-6-f luoro-1 ,4-dihydro-4-axo-1 ,8-naphthyridine-3-carboxy- 
late was added 4 ml of a 3N hydrochloric acid/acetic acid mixture. The solution was heated at reflux for 2 hours. Distilled 
water (3 ml) was added to the solution, which was ref luxed for 5 minutes. The precipitate was collected by filtration and 
washed with ethanol to give 0.54 g of the title compound. 

Properties: yellow powder 

mp: >270°C 
1 H-NMR(d 6 -DMSO) 8: 

5.46 (s, 2H), 7.00 (t, J = 8 Hz, 1H). 

7.43 (t, J = 10 Hz, 1H), 8.76 (d, J = 8 Hz, 1H), 8.97 (s, 1H) 

Exfimplp 18 

Ethyl 1 -(3-amino-4,6-dif luorophenyl)-6,7-dif luoro-1 ,4-dihydro-4-oxoquinoline-3-carbcxylate: 

Ethyl 1-(2,4<lffluoro-5-nitrophenyl)-6,7<lifluoro-1,4^ (3.7 grams) was dis- 

solved in 60 ml of acetic acid, to which was added 400 mg of 1 0% palladium on carbon. Under a hydrogen atmosphere, 
the solution was stirred for 2 days at room temperature. The catalyst was removed by a membrane filter and the filtrate 
was concentrated in vacua. Ethanol was added to the residue whereupon the solid was collected by filtration and 
washed with diethyl ether to give 2.9 g of the title compound. 

Properties: yellow powder 

mp: 198-2Q5°C 
1 H-NMR(d 6 -DMSO)8: 

1 .28 (t, J = 7 Hz, 3H), 4.23 (q, J = 7 Hz, 2H) t 5.52 (s, 2H), 7.01 (t, J = 9 Hz, 1H), 
7.19 (dd, J = 6 Hz, 10 Hz, 1H), 

8.14 (t J o 9 Hz, 1H), 8.54 (s, 1H) 
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Example 19 

1 -(3-amino-4,6-dif luorophenyl)-6,7-dif luoro-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid: 

s Ethyl 1 -(3-amino-4,6-drfluorophenyl)-6,7-dif luoro-1 ,4-dihydro-4-oxoquinoline-3-carbaxylate (1 g) was added to 8 ml 
of acetic acid and 2 ml of hydrochloric acid. The solution was heated at reflux overnight. After cooling down, the solution 
was concentrated in vacua Ethanol was added to the residue whereupon the solid was collected by filtration and 
washed with diethyl ether to give 830 mg of the title compound. 

10 Properties: colorless powder 

mp: >270°C 
1 H-NMR(d 6 -DMSO)6: 

7.14 (t, J a 9 Hz, 1H), 7.47 (dd, J = 6 Hz, 10 Hz, 1H), 7.54 (t. J » 10 Hz, 1H), 
8.34 (t t J = 10 Hz, 1 H), 8.89 (s, 1 H) 

15 

Example 2Q 

Ethyl 1 -(3-amino-4,6<iifluorophenyl)-6,7,8-trrf luoro-1 ,4-dihydro4-oxoquinoline-3-carbQxylate: 

20 Ethyl 1 -(2,4-drf luoro-5-nitrophenyi)-6,7,8-trif luoro-1 ,4-dihydro-4-oxoquinoline-3-carboxylate (2.2 g) was dissolved 
in 20 ml of methanol, 50 ml of acetic acid, and 10 ml of dichloroethane, to which was added 200 mg of 10% palladium 
on carbon. Under a hydrogen atmosphere, the solution was stirred overnight at room temperature. The catalyst was 
removed by a membrane filter and the filtrate was concentrated in vacua. Ethanol was added to the residue whereupon 
the solid was collected by filtration and washed with diethyl ether to give 1.12 g of the title compound. 

■ Properties: yellow powder 

] mp: 187-196°C 
\ 1 H-NMR(d 6 -DMSO)8: 

§!:^ ) 1.28 (t, J = 7 Hz, 3H), 4.22 (q, J = 7 Hz, 2H), 5.49 (s, 2H), 7.11 (t, J = 8 Hz, 1H), 

lisg [ 7.42 (t, J = 10 Hz, 1 H), 8.05 (t, J * 10 Hz, 1H), 8.46 (s, 1 H) 

Example ?i 

iS 1 -(3-amino-4,6-difluorophenyl)-6,7,8-trifluoro-1 ,4-dihydro-4-Qxoquinoline-3-carboxylic acid: 

\ 

: The title compound was obtained by the similar procedure as Example 1 9 except that ethyl 1 -(3-amino-4,6-difluor- 
;"r ; ophenyO-6,7,8-trrtluoro-1 l 4-dihydro-4K)xoquinoline-3^rboxylate was used. 

: Properties: colorless powder 

''4p% ^mp: 256-261 °C 
;i'; U 1 H-NMR(d 6 -DMSO) 8: 

1 7.15-7.30 (m f 1H), 7.49 (t. J = 10 Hz, 1H), 8.25 (t. J = 8 Hz, 1H), 8.77 (s. 1H) 
Example 22 

45 

Ethyl 1-(3-amino-4,5,6-frifluoropheny1)-7-^ 

Ethyl 7-chloro-6-f luoro-1 ,4-dihydro-4-oxo-1 -(2,3,4-trif iuoro-5-nitrophenyl)-1 ,8-naphthyridine-3-carboxylate (780 
mg) was dissolved in 5 ml of methanol and 1 0 ml of acetic acid, to which was added 80 mg of 1 0% palladium on carbon. 
so Under a hydrogen atmosphere, the solution was stirred overnight at room temperature. The catalyst was removed by a 
membrane filter and the filtrate was concentrated in vacua. Ethanol was added to the residue whereupon the solid was 
collected by filtration and washed with diethyl ether to give 200 mg of the title compound. 

Properties: brown powder 

55 mp: 165-174°C (decomposed) 

1 H-NMR(d 6 -DMSO)6; 

1 .29 (t, J = 7 Hz, 3H). 4.26 (q, J = 7 Hz, 2H), 5.82 (s, 2H), 8.55 (d, J = 8 Hz, 1 H), 
8.75 (S, 1H) 
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Example 23 

1 -(3-amino-4,5,6-trif luorophenyl)-7-chloro-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carboxylic acid: 

s Ethyl 1-(3-amino-4,5,6-trifluorophenyl)-7-chloro-6-f luoro-1 ,4<lihydro-4-o«o-1,8-naphthyridine-3-carbQxyiate (600 
mg) was dissolved in 30 ml of methanol. 1 0 ml of acetic acid, and 30 ml of dichloroethane, to which was added 1 00 mg 
of 10% palladium on carbon. Under a hydrogen atmosphere, the solution was stirred overnight at room temperature. 
The catalyst was removed by a membrane filter and the filtrate was concentrated in vacua. To the residue were added 
4 ml of acetic acid and 1 ml of hydrochloric acid. The solution was heated at 100°C and stirred overnight. The reaction 

10 solution was concentrated in vacua whereupon diethyl ether was added to the residue. The solid was collected by filtra- 
tion and washed with diethyl ether to give 1 60 mg of the title compound. 

Properties: pale yellow powder 

mp: >242°C (decomposed) 

15 1 H-NMR(d 6 -DMSO)S: 

6.87 (t, J = 5 Hz, 1 H), 7.76 (d, J = 8 Hz, 1H), 9.02 (s, 1 H) 

Example 24 

20 Ethyl 1 -(3-amino-4,5,6-trif luorophenyl) -6, 7-dif luoro-1 ,4-dihydro-4-oxoquinoline-3-carbaxylate: 

Ethyl 6,74ifiuoro-1,4-dihydro-4-oxo-1-(2,3,4-trifl^^ (280 mg) was dis- 

solved in 1 0 ml of ethanol, 5 ml of acetic acid, and 5 ml of dichloroethane, to which was added 30 mg of 1 0% palladium 
on carbon. Under a hydrogen atmosphere, the solution was stirred overnight at room temperature. The catalyst was 
25 removed by a membrane filter and the filtrate was concentrated in vacua. Ethanol was added to the residue whereupon 
the solid was collected by filtration and washed with diethyl ether to give 200 mg of the title compound. 

Properties: yellow powder 

mp: 116-124°C 
30 1 H-NMR(d 6 -DMSO)8: 

1 .27 (t, J = 7 Hz, 3H), 4.22 (q, J = 7 Hz, 2H), 5.85 (s. 2H), 6.83 (t. J = 8 Hz, 1H), 
7.42 (dd, J = 6 Hz, 12 Hz, 1H), 
8.13 (t. J = 10 Hz, 1H), 8.60 (S, 1H) 

35 Example 25 

1 -(3-amino-4,5,6-trrfluorophenyl)-6,7-difluoro-1 ,4-dihydro-4-oxoquinoline-3-caiboxylic acid: 

The title compound was obtained by the similar procedure as Example 23 except that ethyl 1-(3-amino-4,5,6-trrf- 
40 luorophenyl)-6,7-dif luoro- 1 ,4-dihydro-4-oxoquinoline-3-carboxylate was used. 

Properties: pale yellow powder 

mp: >211°C (decomposed) 

1 H-NMR(d 6 -DMSO)8: 
45 5.91 (brs, 2H), 6.86 (t, J = 7 Hz, 1 H), 

7.68 (dd, J = 7 Hz, 11 Hz, 1H), 

8.34 (t, J = 9 Hz, 1 H), 8.94 (s, 1 H) 

Example 26 

50 

Ethyl 1 -(S-amino^^.e-trif luorophenyl)-7-chloro-6-f luoro-1 ,4<Jihydro=4-oxo-1 ,8-naphthyridine-3^carboxylate: 

The title compound was obtained by the similar procedure as Example 1 6 except that ethyl 1 -(2,4,6-trif luoro-3-nitro- 
phenyl)-7-chloro-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carboxylate was used. 

55 

1 H-NMR(CDCI 3 ) 8: 

1 .40 (t J o 7 Hz, 3H), 4.40 (q, J = 7 Hz, 2H), 6.83-7.04 (br, 2H), 7.22-7.35 (m, 1H), 
8.48 (d. J = 8 Hz, 1 H), 8.50 (s, 1 H) 
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Example 27 

1 -(3-amino-2,4,6-trif luorophenyl)-7-chloro-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carboxyiic acid: 

s The title compound was obtained by the similar procedure as Example 17 except that ethyl 1-(3-amino-2,4,6-trrf- 
luorophenyl)-7-chloro-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carboxylate was used. 

Properties: pale yellow powder 

mp: 222-228°C 
io 1 H-NMR(d 6 -DMSO)8: 

7.44 (t, J = 11 Hz, 1H), 

8.77 (d, J = 8 Hz, 1H), 9.21 (s. 1H) 

Example 28 

15 

Ethyl 1 -(3-amino-6-chloro-4-fluorophenyl)-7-chloro-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carboxylate: 

The title compound was obtained by the similar procedure as Example 16 except that ethyl 1 -(6-chloro4-f luoro-3- 
nitrophenyl)-7-chloro-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carbaxylate was used. 

20 

Properties: yellow powder 

mp: 206-208°C 
1 H-NMR(CDCI 3 ) 5: 

1.41 (t, J = 7 Hz, 3H), 4.40 (q, J = 7 Hz, 2H), 6.86 (d, J = 8 Hz, 1H), 7.26 (d, J = 11 Hz, 1H), 
25~ 8.48 (d. J = 8 Hz, 1 H), 8.49 (s t 1 H) 

y ; Example 29 

il.Jj 1-(3^mino-6<hloro-4-fluorophenyl^ 

[ jz The trtle cornpound was obtained by the similar procedure as Example 17 except that ethyl 1-(3-amino-6-chloro-4- 
f luorophenyl)-7-chloro-6-f luoro-1 ,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylate was used. 

y-^ Properties: pale yellow powder 

$5 mp: 265-267°C 
;Q ^H-NMR (de-DMSO) 6: 

,£ 5.81 (s. 2H), 7.07 (d, J = 8 Hz, 1H), 

ill j 7.52 (d, J = 1 1 Hz, 1 H), 8.76 (d, J = 7 Hz, 1 H), 8.93 (s, 1 H) 

4b*l Example 30 

jly Ethyl 1 -(3-amino-6-chloro-4-fluorophenyl)-6,7-dif luoro-1 ,4-dihydro-4-oxoquinoline-3-carboxylate: 

The title compound was obtained by the simitar procedure as Example 16 except that ethyl 1-(6-chloro-4-fluoro-3- 
45 n'rtrophenyl)-6,7-dtf luoro-1 ,4-dihydro-4-oxoquinoline-3-carboxylate was used. 

1 H-NMR(CDCI 3 ) 8: 

1.39 (t, J = 7 Hz, 3H), 4.38 (q. J = 7 Hz, 2H). 6.65 (dd, J = 5 Hz, 12 Hz, 1H), 

6.91 (d, J = 9 Hz, 1H), 7.31 (d. J = 1 1 Hz, 1H), 8.28 (q, J = 9 Hz, 16 Hz, 1H), 8.35 (s. 1H) 

50 

Example 31 

1 -(3-amino-6-chloro-4-f luorophenyl)-6,7-difluoro-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid: 

55 The title compound was obtained by the similar procedure as Example 1 9 except that ethyl 1 -(3-amino-6-chloro-4* 
fluorophenyl)-6.7-difluoro-1 ,4-dihydro-4-oxoquinoline-3-carboxylate was used. 

Properties: colorless powder 

mp: >270°C 
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1 H-NMR(d 6 -DMSO) 8: 

5.91 (brs. 1H), 7.08 (d. J = 8 Hz ( 1H), 
7.34 (dd ( J = 7 Hz, 11 Hz, 1H), 

7.59 (d, J = 12 Hz, 1H), 8.35 (t, J = 11 Hz, 1H), 8.83 (s. 1H) 

Example 32 

Ethyl 1 -(3«amino-4-chloro-6-f luorophenyl)-7-chloro-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-cartx3xyiate: 

The title compound was obtained by the similar procedure as Example 16 except that ethyl 1 -(4-chloro-6-f luoro-3- 
nrtrophenyl)-7-chloro-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carboxylate was used. 

Properties: pale yellow powder 

mp: 200-202°C 
1 H-NMR (CDCI 3 ) 8: 

1.40 (t, J = 7 Hz, 3H), 4.40 (q, J = 7 Hz, 2H), 6.82 (d, J * 7 Hz, 1H), 7.29 (d, J « 1 1 Hz, 1H), 
8.47 (d, J = 8 Hz, 1H), 8.55 (S, 1H) 

Example 33 

1 -(3-amino-4-chloro-6-f luorophenyl)-7-chlorc-6-f luoro- 1 ,4-dihydro-4-oxo- 1 ,8-naphthyridine-3-carbaxylic acid: 

Ethyl 1 -(3-amino-4-chloro-6-f luorophenyl)-7-chloro-6-f luoro- 1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carboxylate 
(1.00 g) was dissolved in 10 ml of acetic acid, 10 ml of methanol and 20 ml of dichloroethane, to which was added a 
suspension of 132 mg of 10% palladium on carbon in 20 ml of acetic acid. Under a hydrogen atmosphere, the solution 
was stirred overnight The palladium on carbon was removed by a membrane fitter and 10% sodium hydroxide was 
added to the filtrate, which was extracted with chloroform. The organic layer was dried, and the solvent was distilled off. 
The solid was collected by filtration, to give 0.380 g of the title compound. 

Properties: pale yellow powder 

mp: >270°C 
1 H-NMR (d 6 -DMSO) 8: 

5.76 (br, 2H) ( 7.03 (d, J = 9 Hz, 1 H), 

7.57 (d. J = 10 Hz, 1H), 8.78 (d, J = 8 Hz, 1H), 9.00 (s, 1H) 

Example 34 

Ethyl 1 -(3-amino-4-f luoro-2-methylphenyl)-7-chloro-6-fluoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carboxylate: 

The title compound was obtained by the similar procedure as Example 16 except that ethyl 1 -(4-fluoro-2-methyl-3- 
nitrophenyl)-7-chloro-6-fluoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carbcxylate was used. 

Properties: pale yellow powder 

mp: 212-213°C 
1 H-NMR(CDCI 3 ) 8: 

1.41 (t.Jo7Hz, 3H), 1.91 (s, 3H), 
3.79-3.96 (br, 2H) ( 4.40 (q, J = 7 Hz, 2H), 

6.70 (d. J = 8 Hz, 1H), 7.02 (d, J = 11 Hz, 1H), 8.50 (d, J = 11 Hz, 1H), 8.50 (s, 1H) 

Example 35 

1-(3-amino-4-fluoro-2-methylphenyl)-7-chloro-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carboxylic acid: 

The title compound was obtained by the similar procedure as Example 17 except that ethyl 1-(3-amino-4-fluoro-2- 
methylphenyl)-7-chloro-6-fIuoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carboxylate was used. 

Properties: colorless powder 

mp: 274-279°C 
1 H-NMR(d 6 -DMSO)S: 
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1.84 (s, 3H), 6.95 (d, J - 8 Hz, 1H), 

7.19 (d, J = 12 Hz, 1H), 8.75 (d, J = 8 Hz, 1H), 8.79 (s, 1H) 

Example 36 

5 

Ethyl 7-chloro-1 -{2,4-difluoro-5-formylaminophenyl)-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-cart>oxylate: 

Ethyl 7-chloro-6-f luoro-1 -(2,4-difluoro-5-nitrophenv^ (3.5 g) 

was added to a mixture of 20 ml of dichloromethane, 10 ml of formic acid, and 0.3 ml of cone, hydrochloric acid together 
w with 280 mg of 1 0% palladium on carbon whereupon hydrogenation was carried out at room temperature for 5 hours. 
Acetic anhydride (1.2 ml) was added to the reaction solution, which was allowed to stand for 1 hour at room tempera- 
ture. After removal of the catalyst by filtration, the solution was concentrated in vacua. The precipitate was dispersed in 
ethanol, collected by filtration and washed with ethanol and then with diisopropyl ether to give 2.65 g of the title com- 
pound. 

15 

Properties: colorless powder 

mp: >270°C 
1 H-NMR(d 6 -DMSO)5: 

1.28 (t, J = 7 Hz, 3H) ( 4.25 (q, J = 7 Hz, 2H), 7.77 (dd, J = 10 Hz, 11 Hz, 1 H), 8.35 (s, 1 H), 8.45 
20 (t, J = 8 Hz, 1H), 8.54 (d, J = 8 Hz, 1H), 8.77 (s, 1H) 

Example 37 

7-chloro-1-(2,4-difluoro-5-formylaminophenyi)-6-f luoro-1 ,4-dihydro-4-oxo-1 t 8-naphthyridine-3-carboxylic acid: 

: Q | In 1 ml of formic acid was dissolved 465 mg of 1 -(3-amino-4,6-dH luorophenyl)-7-chloro-6-f luoro-4-oxo-1 ,4-dihydro- 
; ^ \ 1 ,8-naphthyridine-3-carboxylic acid. Acetic anhydride (0.2 g) was added to the solution, which was stirred at 60°C for 1 

\ hour. The solution was concentrated in vacua, 2 ml of ethanol was added to the residue, and the resulting solution was 
I;*? ; stirred at 60°C for 2 hours. The precipitate was collected by filtration and washed with ethanol and then with diisopropyl 

ether to give 450 mg of the title compound. 



.y3 ; Properties: colorless powder 

\m mp: >270°C 
.7 : 1 H-NMR(d6-DMSO)6: 

sL ; 3.46 (brs, 1H), 7.78 (dd, J = 10 Hz, 11 Hz, 1H), 8.35 (s. 1H), 8.50 (t, J «= 8 Hz, 1H), 

r% 8.76 (d, J = 8 Hz, 1 H), 9.08 (s, 1 H) 



:M= Example 38 

4og Ethyl 7-chloro-1 -(2,4-difluoro-5-formylmethylaminophenyl)-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carboxylate: 

^ Ethyl 7-chloro-1 -(2,4-dif luoro-5-formylaminophenyl)-6-f luoro-1 ,4-dihydro-4-oxo-1 .e-naphthyridine-S-carboxylate 
(500 mg) was added to 2.5 ml of N,N-dimethyHbrmamide together with 500 mg of potassium carbonate and 1 .5 g of 
methyl iodide. The solution was stirred at 50°C for 1 hour. After 40 ml of chloroform and 150 ml of distilled water were 

45 added, the organic layer was separated, dried over anhydrous magnesium sulfate, and then concentrated in vacua. The 
precipitate was dispersed in ethanol, collected by filtration and washed with ethanol and then with diisopropyl ether to 
give 455 mg of the title compound. 

Properties: colorless crystals 

so mp: 264-267°C 
1 H-NMR(CDCI 3 )5: 

1.41 (t, J = 7 Hz, 3H), 3.34 (s, 3H), 

4.42 (q, J = 7 Hz. 2H), 7.27 (t, J = 10 Hz, 1 H), 7.39 (t, J = 7 Hz, 1 H), 8.35 (s, 1 H), 
8.49 (d, J = 7 Hz. 1 H) t 8.56 (S. 1 H) 

55 
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Example 39 

Ethyl 1 -(3-t43Utoxycarbonytamino-2,4KJ'rfluorophenyl)-7-chloro-6-fluoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carbGxy- 
late: 

5 

Using 0.2 g of 1 0% palladium on carton, 2.0 g of N-(t-butoxycartxxiy1)-2,6-dlf luoro-3-nrtroaniline was hydrogenated 
in 20 ml of methanol at room temperature for 3 days. After the catalyst was filtered off, the filtrate was directly added to 
20 ml of a dichloromethane solution containing 0.5 mmol/ml of ethyl 2-(2',6 , -didilao-5-fluoronicotinoyl)*3-ethoxyacr- 
ylate. The solution was concentrated in vacua. 2.5 g of anhydrous potassium carbonate and 10 mi of N.N-dimethytfor- 

10 mamide were added to the residue, and the resulting solution was stirred at 90°C for 30 minutes. The solution was 
allowed to cool down and combined with 100 ml of chloroform and 400 ml of distilled water. The solution was separated, 
the chloroform layer was washed twice with 400 ml of distilled water, dried over anhydrous magnesium sulfate and then 
concentrated in vacua. Ethanol (1 ml) was added to the concentrate, which was allowed to stand. The residue was sub- 
ject to chromatography using 150 g of silica gel (eluting solution: chloroform - chioroform/methanol = 7.5/1). A precipi- 

15 tate from a fraction corresponding to a main product was dispersed in ethanol and collected by filtration to give 575 mg 
of the title compound. 

Properties: colorless crystals 

mp: 128-131°C 
20 1 H-NMR(CDCI 3 )6: 

1.40 (t, J = 7 Hz, 3H), 1.51 (S.9H), 
4.40 (q, J = 7 Hz, 2H), 6.11 (s, 1H) ( 

7.16 (t. J = 11 Hz, 1H), 7.30 (t, J = 7 Hz, 1H), 8.48 (d, J = 7 Hz, 1H) ( 8.54 (s. 1H) 

25 Example 40 

1 -(3-amino-2,4-dif luorophenyl)-7-chloro-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carboxylic acid: 

Ethyl 1 -(3-t-butoxycarbonylamino-2,4-dif luoropheny0-7-chloro-6-f luoro-1 ,4<lihydro-4-oxo-1 ,8-naphthyridine-3-car- 
30 boxylate (500 mg) was added to 8 ml of a mixture of 3N hydrochloric acid and acetic acid, which was stirred and heated 
at reflux for 3.5 hours. After 1 6 ml of distilled water was added, the reaction solution was heated at reflux for 1 0 minutes, 
then allowed to cool down, and combined with 80 ml of chloroform and 10 ml of distilled water. The solution was sepa- 
rated, the chloroform layer was concentrated in vacua. The precipitate was dispersed in ethanol, collected by filtration, 
and washed with ethanol and then with diisopropyt ether to give 295 mg of the title compound. 

Properties: yellow powder 

mp: 244-248°C (decomposed) 

1 H-NMR(CDCI 3 ) 8: 

4.04 (s, 1H), 6.64 (dt, J = 5 Hz, 8 Hz, 1H), 7.02 (ddd, J = 2 Hz, 8 Hz, 10 Hz, 1H), 
8.52 (d, J = 7 Hz, 1 H), 8.87 (s, 1 H) 



Example 41 

1 -(3-benzoylamino-4,6-difluorophenyl)-7-chloro-6-fluoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carboxylic acid: 

1-(3-amino-4,6Klifluor(X3henyl)-7^ acid (310 mg) 

was added to 920 mg of N.N-dimethylformamide together with 220 mg of benzoic anhydride, which was stirred at 70°C 
for 2 hours and at 100°C for 2.5 hours. The reaction solution was combined with 50 ml of chloroform and 150 ml of dis- 
tilled water. The solution was separated, the chloroform layer was dried over anhydrous magnesium sulfate and con- 
so centrated in vacua. Ethanol (6 ml) was added to the residue, which was allowed to stand. The precipitate was collected 
by filtration and washed with ethanol and then with dtisopropyl ether to give 184 mg of the title compound. 

Properties: pale brown powder 

mp: 260-263°C 
55 1 H-NMR(d 6 -DMSO)5: 

7.53-7.68 (m ( 3H), 7.80 (t, J = 1 0 Hz, 1 H) ( 7.98 (d, J = 8 Hz, 2H), 8. 1 1 (t, J = 7 Hz, 1 H), 9.09 
(6, 1H), 10.40 (s, 1H) 
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Example 42 

Ethyl 7-chloro-1 -(2,4-difluoro-5-methylaminophenyl)-6-f luoro-1 ,4-dihydro-4-Qxo-1 ,8-naphthyridine-3-carbaxylate: 

s Ethyl 1 -(5-amino-2,4-dif luorophenyl)-7-chloro-6-f Iuoro-4-oxo-1 ,4-dihydro-1 ,8-naphthyridine-3-cartxsxylate (500 
mg) was added to a mixture of 10 ml of 1 ,2-dichloroethane, 5 ml of methanol and 0.5 ml of acetic acid together with 100 
mg of 37% formalin. Using 0.08 g of 10% palladium on carbon, hydrogenation was carried out for 16 hours. After the 
catalyst was filtered off, the filtrate was concentrated in vacua. The residue was dissolved in 50 ml of chloroform, 
washed with an aqueous solution of 50% sodium carbonate, dried over anhydrous magnesium sulfate, and then con- 
jo centrated in vacua. The residue was subject to chromatography using 20 g of silica gel (eluting solution: chloroform) to 
give 150 mg of the title compound. 

Properties: pale yellow needles 

mp: 226-23 1°C 

15 1 H-NMR (CDCI 3 ) 5: 

1.41 (t, J = 7Hz, 3H), 2.89 (S.3H), 

4.41 (q, J = 7 Hz, 2H), 6.64 (t, J = 7 Hz. 1H), 7.02 (dd, J = 9 Hz, 1 1 Hz, 1H), 
8.47 (d, J = 7 Hz, 1H), 8.59 (S. 1 H) 

20 Exqmple 43 

7-chloro-1 -(2,4-dif luoro-5-methylaminophenyl)-64luoro-1 ,4-dihydro-4-cxo-1 ,8-naphthyridine-3-carboxylic acid: 

Ethyl 7-chloro-1 -(2,4-dif luoro-5-methylaminophenyl)-64luoro-4-©co-1 ,4-dihydro-1 ,8-naphthyridine-3-carboxylate 
2$j ' (150 mg) was added to 1 ml of a mixture of 3N hydrochloric acid and acetic acid (1/1 , vol/vol), which was stirred and 
heated at reflux for 2 hours. After 5 ml of distilled water was added, the reaction solution was heated at reflux for a fur- 
ther 10 minutes and then allowed to cool down. The precipitate was dispersed in ethanol, collected by filtration, and 
M ; washed with ethanol and then with diisopropyl ether to give 70 mg of the title compound. 

3p Properties: yellow crystals 

\£ mp: 250-252°C 
: h 1 H-NMR(d6-DMSO)8: 

'\S : 2.69 (d. J = 5 Hz, 3H), 5.90 (brs, 1 H), 

^ - 7.01 (t, J = 8 Hz, 1H), 7.46 (t, J = 11 Hz, 1H), 8.76 (d. J = 8 Hz, 1H), 8.99 (s, 1H) 
W Example 44 

ijsst Ethyl 1 -(2,4-dif luoro-5-methylaminophenyl)-6,7KJif luoro-1 ,4-dihydro-4-oxoquinoline-3-carboxylate: 

4Q«i ( The title compound was obtained by the similar procedure as Example 42 except that ethyl 1 -(3-amino-4,6-dif luor- 
\;*\ pphenyl)-6,7-difluoro-1 ( 4-dihydro-4-oxoquinoline-3-carboxylate was used. 

Properties: yellow powder 

mp: 208-21 6°C 

45 1 H-NMR (dg-DMSO) 5: 

1 .28 (t, J = 7 Hz, 3H), 2.72 (d, J = 4 Hz, 3H), 4.23 (q, J = 7 Hz, 2H), 5.94-6.04 (m, 1 H), 
7.04 (t. J = 8 Hz, 1H), 7.19 (dd, J = 4 Hz, 10 Hz, 1H), 7.52 (t, J = 10 Hz, 1H) ( 
8.14 (t, J = 10 Hz, 1H), 8.55 (s, 1H) 

so Example 45 

1-(2,4<lifluoro-5-metriy1aminophen^ acid: 

The title compound was obtained by the similar procedure as Example 43 except that ethyl 1 -(2,4-dif luoro-5-meth- 
55 ylamincphenyl)-6,7-difluoro-1 ,4-dihydro-4-oxoquinoline-3-carboxylate was used. 

Properties: brown powder 

mp: >1 64°C (decomposed) 

1 H-NMR(d6-DMSO)6: 
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2.71 (s, 3H), 6.01 (brs, 1H), 

7.05 ft J = 8 Hz, 1H), 7.39-7.51 (m, 1H), 7.53 ft J = 10 Hz, 1H) ( 
8.34 ft J = 9 Hz ( 1H), 8.90 (s, 1H) 

5 Example 46 

Ethyl 7-chloro-1 -(3-dimethylamino-4,6-dif luorophenyl)-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-cartx>xyiate: 

Ethyl 1-(3-amino-4,6-difluorDphenyl)-7-chloro-6-fluoro-4-oxo-1 ,4-dihydro-1 ,8-naphthyridine-3-carboxylate (500 
io mg) was added to a mixture of 1 0 ml of 1 ,2-dichloroethane, 5 ml of methanol and 0.5 ml of acetic acid together with 500 
mg of 37% formalin. Using 0.08 g of 10% palladium on carbon, hydrogenation was carried out 64 hours. After the cat- 
alyst was f iftered off, the filtrate was concentrated in vacua, to give the title compound. 

Properties: yellow powder 

15 mp: 158-163°C 
1 H-NMR(CDCI 3 )5: 

1.41 ft J = 7 Hz, 3H), 2.88 (s, 6H), 

4.41 (q, J = 7 Hz, 2H) t 6.85 ft J = 7 Hz, 1H), 7.04 (dd. J = 9 Hz, 12 Hz, 1H), 
8.47 (d, J » 7 Hz, 1 H), 8.57 (s, 1 H) 

20 

Example 47 

7-chloro-1-(3^imethylamino-4,6-drfluoroph 
obtained in Example 46: 

uO & 

\-M ; The entire amount of ethyl 7-chloro-1-(3-dimethylamino-4,6-difluoro^ 

\ thyridine-3-carboxylate was added to 4 ml of a mixture of 3N hydrochloric acid and acetic acid (1/1 , vol/vol), which was 
j stirred and heated at reflux for 2 hours. The reaction solution was allowed to cool down and concentrated in vacua. The 

I j precipitate was dispersed in ethanol, collected by filtration, and washed with ethanol and then with diisopropyl ether to 

£p30 give 295 mg of the title compound. 

i] Properties: pale yellow powder 

% I mp: 244-247.0°C 

1 H-NMR(d6-DMSO)6: 

^Lss 2.79 (s, 6H), 7.41 ft J = 8 Hz, 1H), 

N 7.57 (dd. J = 10 Hz, 13 Hz, 1H), 

: + ■ 8.77 (d, J = 8 Hz, 1 H), 9.04 (s, 1 H) 

i * 

Hfl ( Example 49 

I^Vh i 1 -(3-amino-4,6-drfluorophenyl)-7-[(3S)-3-aminopyrrolidin-1 -yI]-6-f luoro-1 ,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxy- 
\ !s & lie acid: 

To 6,500 mg of N,N-dimethylformamide were added 1,300 mg of 1-(3-amino-4,6-difluorophenyi)-7-chloro-6-fluoro- 
45 4-oxo-1 f 4<lihydro-1,8-naphthyridine-3-carboxylic acid, 600 mg of (3S)-3-aminopyrrolidine, and 1,000 mg of triethyl- 
amine. The solution was stirred at 90°C for 1 hour. The reaction solution was allowed to cool down, combined with 25 
ml of ethanol, heated at reflux for 5 minutes, and allowed to cool down. The precipitate was collected by filtration and 
washed with ethanol and then with diisopropyl ether to give 1 ,41 0 mg of the title compound. 

so Properties: pale brown powder 

mp: 260-266°C (decomposed) 

1 H-NMR(d 6 -DMSO) 8: 

1.81 (m, 1H), 2.06 (m, 1H), 5.36 (brs, 2H), 

6.97 (t, J o 8 Hz, 1H), 7.35 ft J * 10 Hz, 1 H), 8.06 (d, J = 13 Hz, 1 H), 8.69 (s. 1 H) 
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Example 49 

1 -(3-amino-4,6-dif luorophenyl)-7-[(3S)-3-aminopyrrolidin-1 -yl]-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carboxy- 
lic acid triethytamine salt: 

5 

To 1 ,000 mg of N,N-dimethytformamide were added 220 mg of 1 -(3-amino-4,6-difluoropheny0-7-chloro-6-f luoro-4- 
oxo-1 ,4<lihydro-1 ,8-naphthyridine-3-carboxylic acid, 210 mg of (3S)-3-aminopynrolidine dihydrochlorkje, and 400 mg of 
triethytamine. The solution was stirred at 90°C for 1 .5 hours. The reaction solution was allowed to cool down, combined 
with 10 ml of ethanol, heated at reflux for 5 minutes, and allowed to cool down. The precipitate was collected by filtration 
io and washed with ethanol and then with diisopropyi ether to give 220 mg of the title compound. 



Properties: pale brown powder 

mp: 245-249°C (decomposed) 

1 H-NMR(d 6 -DMSO)5: 

is 1 .06 (t, J = 7 Hz, 9H), 1 .66 (m, 1 H), 1 .92 (m, 1 H), 3.44 (q, J = 7 Hz, 6H), 5.35 (s, 2H), 6.96 (t, 



J s 8 Hz, 1H), 7.35 (t, J « 10 Hz, 1H), 8.02 (d, J = 13 Hz, 1H), 8.66 (s. 1H) 

Example 50 

20 1 -(3-amino-4,6-dif luorophenyl)-7-[(3S)-3-aminopyrrolidin-1 -ylJ-6^ luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carboxy- 
lic acid dihydrochloride: 

In 2.5 ml of 6N hydrochloric acid was dissolved 100 mg of 1-(3-amino-4,6-difluorophenyf)-7-[(3S)-3-aminopyrroli- 
din-1 -yl]-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carboxylic acid. The solution was concentrated in vacua. Etha- 
nol was added to the residue. The precipitate was crushed, collected by filtration and washed with ethanol and then with 
i p diisopropyi ether to give 97 mg of the title compound. 

\ Properties: pale brown powder 

=!£ imp: 246-250°C (decomposed) 

3(P 1 H-NMR(d6-DMSO)S: 

2.09 (m, 1H), 2.22 (m, 1H), 7.03 (brt, 1H), 
S§ ] 7.39 (t, J = 10 Hz, 1H), 8.12 (d, J « 12 Hz, 1H), 8.30 (brs, 2H), 8.72 (s, 1H) 

r Example 51 

35^ [ 

: := !f 1-(3^mino-2,4-difluorophenyl)-7-[(3S)-3-aminop 
r'r lie acid formic acid salt: 

A mixture of 200 mg of 1-(3-anmno-2,4-difluorophenyl)-74(3S)-3-am 

40--] 1 ,8-naphthyridine-3-carboxylic acid and 200 mg of formic acid was stirred for about one minute, combined with 200 mg 
of ethanol and stirred at 90°C for one minute. The solution was combined with 2 ml of ethanol, stirred at the same tem- 

i s " perature for a further 2 minutes, and allowed to stand. The precipitate was collected by filtration and washed with eth- 
anol and then with diisopropyi ether to give 154 mg of the title compound. 

45 Properties: pale brown powder 

mp: 223-226°C 
1 H-NMR(d 6 -DMSO)6: 

1 .75 (m, 1 H), 2.00 (m, 1 H), 5.36 (s, 2H), 

6.96 (t, J = 8 Hz, 1H), 7.35 (t, J = 11 Hz, 1H), 8.04 (d, J = 12 Hz, 1H), 8.26 (s, 1H), 
so 9.68 (s, 1H) 

Example 52 

1-(3-amino-2,4-difluorophenyl)-7-[(3S)-3^^ 
55 lie acid p-toluenesulfonic acid salt: 

To 300 mg of N,N-dimethylformamide were added 100 mg of 1-(3-amino-2,4-difluorophenyl)-7-[(3S)-3-aminopyrro- 
lidin-1-yf]-6-fluoro-4-Qxo-1,4-dihydro-1 t 8-naphthyridine-3-carboxylic acid and 55 mg of p-toluenesulfonic acid hydrate. 
The mixture was stirred for about 5 minutes. The homogenized solution was combined with 8 ml of diisopropyi ether, 
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stirred, and allowed to stand. The supernatant was removed by decantation. The remainder was combined with 1 ml of 
ethanol, heated at reflux for 2 minutes, and allowed to cool down. The precipitate was collected by filtration and washed 
with ethanol and then with diisopropyl ether to give 120 mg of the title compound. 

5 Properties: pale brown powder 

mp: 270°C 
1 H-NMR(d6-DMSO)6: 

2.02 (m, 1H). 2.24 (m, 1H), 2.28 (s, 3H), 
3.89 (m ( 1H), 5.37 (brs, 2H), 

10 6.96 (t, J = 7 Hz, 1H), 7.11 (d, J = 8 Hz, 2H), 7.35 (dt, J * 2 Hz, 12 Hz, 1H), 7.47 (d, J = 8 Hz, 

2H), 7.95 (brs. 2H), 
8.13 (d, J = 12 Hz, 1H), 8.72 (s, 1H) 

Example 53 

75 

1 -(3-amino-4,6-dif luorophenyl)-6-f luoro-1 ,4-dihydro-7-(3-hydroxypyrrolidin-1 -yl)-4-oxo-1 t 8-naphthyridine-3-carboxylic 
acid: 

To 550 mg of N,N-dimethylformamide were added 150 mg of 1-(3-amino-4,6-difluorophenyl)-7-chloro-6-fluoro-4- 
20 oxo-1 ,4-dihydro-1 ,8-naphthyridine-3-carboxylic acid, 1 00 mg of 3-hydroxypyrrolidine, and 1 00 mg of triethylamine. The 
solution was stirred at 70°C for 30 minutes. The reaction solution was combined with 8 ml of diisopropyl ether, stirred, 
and allowed to stand. The supernatant was removed by decantation. To the remainder was added 2 ml of ethanol. The 
precipitate was collected by filtration and washed with ethanol and then with diisopropyl ether to give 1 56 mg of the title 
compound. 

ijn25 

■ri i Properties: colorless powder 

%\ mp: 251-253°C 

1 H-NMR(d 6 -DMSO)8: 
I 1 ;;? i 1.56 (m, 1H), 1.70-1.95 (m, 3H), 

Wo 2.58-2.96 (m, 4H), 4.16 (m, 1 H), 

4.30 (brs. 1H),5.35(s,2H), 

)§ ; 6.95 (t, J = 8 Hz, 1H), 7.36 (t. J = 10 Hz, 1H), 8.01 (d, J = 13 Hz, 1H), 8.59 (s, 1H) 

\ Example 54 

M 1-(3-amino^,6KJrfluorophenyl)-7-[(3S,4S)-3-amin^ 

: ; # • ine-3-carboxylic acid: 

;f;n : The title compound was obtained by the similar procedure as Example 48 except that (3S,4S)-3-amino-4-methy1- 

: r~yo pyrrolidine dihydrochioride was used. 

i . H i 

i ^" Properties: pale brown powder 

1 H-NMR(d 6 -DMSO)6: 

0.93 (d, J = 7 Hz, 3H), 2.17 (m, 1H), 
45 5.35 (s, 2H), 6.97 (t. J = 8 Hz, 1 H), 

7.36 (t, J » 10 Hz, 1 H). 7.99 (d, J = 12 Hz, 1 H), 8.65 (S, 1 H) 

Example 55 

so 1-(3-amino-4,6-difluorophenyi)-7-[(3R^^ 
ine-3-carboxylic acid: 

The title compound was obtained by the similar procedure as Example 48 except that (3R,4R)-3-amino-4-methyl- 
pyrrolidine dihydrochioride was used. 

55 

Properties: pale brown powder 

mp: 214-21 7°C 

1 H-NMR(d 6 -DMSO)8: 

0.93 (d, J = 7 Hz, 3H), 2.17 (m. 1H). 
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5.36 (s, 2H), 6.96 (t, J = 8 Hz, 1 H), 

7.36 (t. J « 10 Hz, 1H) ( 7.99 (d, J = 12 Hz, 1H), 8.65 (s, 1H) 

Example 56 

5 

1 -(3-amino-4,6-dif luoropherryl)-7-[(3S,4R)-3-amina4-methylpyrroliclin-1 -yi]-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyrid- 
ine-3-carboxylic acid: 

The title compound was obtained by the similar procedure as Example 48 except that (3$,4R)-3-amino4-methyl- 
io pyrrolidine di hydrochloride was used. 

Properties: pale brown powder 

mp: 234-240°C 
1 H-NMR(d 6 -DMSO)8: 
is 0.98 (d, J = 7 Hz, 3H), 1 .93 (m, 1 H), 

3.03 (m, 1H). 5.36 (s, 2H) ( 

6.97 (t, J = 8 Hz, 1H), 7.37 (t, J = 10 Hz, 1H), 8.04 (d, J = 12 Hz, 1H), 8.68 (s. 1H) 

Example §7 

20 

1 -(3-amino-4,6-dif luorophenylJ^-KSR^SJ-S-amino^-methyipyrrolidin-l -yl]-6-f luoro-1 ,4<lihydro-4-oxo-1 ,8-naphthyrid- 
ine-3-carboxylic acid: 

The title compound was obtained by the similar procedure as Example 48 except that (3R,4S)-3-amino-4-methyl- 
25l pyrrolidine dihydrochloride was used. 

ir^ \ Properties: pale brown powder 

I mp: 237-241°C 
1 H-NMR(d 6 -DMSO) 8: 

!^ 0.98 (d, J a 6 Hz, 3H), 1 .93 (m, 1 H), 

. # 3.02 (m, 1H), 5.37 (s,2H), 

, A ; 6.97 (t, J = 8 Hz, 1H), 7.37 (t, J = 10 Hz, 1H), 8.03 (d, J = 13 Hz, 1H), 8.67 (s, 1H) 



:: Example 58 

l l % 1 -(3^mino-4,6<lifluorophenyl)-7-(3-8xnino-4,4-dimethyl-pyrrolidin-1 -yl)-6-fluoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine- 
: ;P : 3-carboxylic acid: 

H jl The title compound was obtained by the similar procedure as Example 48 except that 3-amino-4,4<jimethyl-pyrro- 
=' lidine dihydrochloride was used. 

Properties: pale brown powder 

mp: 267-269°C (decomposed) 

1 H-NMR (dg-DMSO) 8: 

45 0.86 (s, 3H), 0.95 (s, 3H) t 2.88-3.05 (m, 1 H), 5.36 (s, 2H), 6.97 (t, J = 8 Hz, 1 H) t 

7.38 (t, J = 10 Hz, 1H), 8.02 (d, J = 13 Hz, 1H), 8.66 ($, 1H) 

Exa,rnp|e 59 

so 1 -(3*mino-4,6Kiifluorophenyl)-7-[3-(N-^ ,4«Jihydro-4-cxo-1 ,8-naphthyrid- 

ine-3-carboxylic acid: 

The title compound was obtained by the similar procedure as Example 48 except that 3-(N-ethytaminomethyt)-pyr- 
rolidine dihydrochloride was used. 

55 

Properties: pate brown powder 

mp: 235-244°C (decomposed) 

1 H-NMR(de-DMSO)8: 

1.01 (t, J = 7 Hz, 3H), 1.61 (m, 1H), 
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1.98 (m, 1H), 2.32 (m, 1H), 

2.54 (q, J u 7 Hz, 2H) ( 5.34 (s, 2H), 

6.96 (t, J = 8 Hz, 1H), 7.35 (t, J = 10 Hz, 1H), 8.02 (d, J = 12 Hz, 1H), 8.67 (s, 1H) 

Example 60 

1 -(3-amino-4,6-drfluorophenyl)-7-[(3S)-3-aniinopyrrolidin-1 -ylJ-6-f luoro-1 ,4-dihydro-4-oxcx|uinoIine-3-carboxylic acid: 

To 1 ml of dimethytsuKoxkje were added 29 mg of 3S-(-)-aminopyrrolidine and 68 mg of triethylamine. The mixture 
was stirred for 10 minutes, 80 mg of 1-(3-amino-4,6-dffluorophenyl)-6,7-difluoro-1 ,4<lihydro-4-oxoquinoline-3-cart)oxy- 
lic acid was added thereto, and the solution was heated and stirred at 100°C for 2 hours. The reaction solution was 
allowed to cool down, diethyl ether was added thereto, and the supernatant was removed. Ethanol was added to the 
residue. The solid was collected by filtration and washed with diethyl ether to give 76 mg of the title compound. 

Properties: colorless powder 

mp: 213-221 °C (decomposed) 

1 H-NMR(d6-DMSO) 6: 

1 .62-1 .76 (m, 1 H), 1 .88-2.06 (m, 1 H), 
3.08 (brs, 1H), 5.53 (s. 2H), 

5.92 (d. J = 8 Hz, 1H), 7.03 (t, J = 8 Hz, 1H), 750 (t. J = 11 Hz, 1H) f 7.85 (d, J = 14 Hz, 1H), 

8.61 (s, 1H) 

Example 61 

1 -(3-amino-4,6-drf luorophenyl)-7-[(3S,4S)-3-amino-4-methylpyrrolidin-1 -yi]-6-f luoro-1 ,4-dihydro-4-oxoquinoline-3-car- 
boxylic acid: 

The title compound was obtained by the similar procedure as Example 60 except that (3S,4S)-3-amino-4-methyl- 
pyrrolidine was used. 

Properties: brown powder 

mp: 196-202°C 
1 H-NMR(d 6 -DMSO)6: 

0.95 (d, J = 7 Hz, 3H), 2.20 (brs. 1H) t 
5.53 (s. 2H), 5.88 (d. J = 5 Hz, 1H), 
7.02 (m t 1H), 7.50 (t, J = 9 Hz, 1H), 
7.85 (d, J = 14 Hz, 1H), 8.60 (s, 1H) 

Example 62 

1 -(3-amino-4,6-dif luorophenyl)-6-f luoro-1 ,4-dihydro-4-oxo-7-(pyrrolidin-1 -yl)quinoline-3-cartx)xylic acid: 

The title compound was obtained by the similar procedure as Example 60 except that pyrrolidine was used. 

Properties: colorless powder 

mp: 264-268°C (decomposed) 

1 H-NMR(d 6 -DMSO) 6: 

1.89 (brs. 4H), 5.52 (s, 2H), 

5.97 (d, J = 8 Hz, 1H), 7.03 (t, J = 8 Hz, 1H) ( 7.49 (t, J = 10 Hz, 1H), 7.85 (d, J = 14 Hz, 1H) ( 

8.62 (s, 1H) 

Example 63 

1 -(3-amino-4,6<lifluorophenyl)-7-[(1 S^^ 
boxylic acid: 

The title compound was obtained by the similar procedure as Example 60 except that (lS,6S)-2,8-diaza-bicy- 
clo[4.3.0]nonane was used. 
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Properties: colorless powder 

mp: 226-233°C (decomposed) 

1 H-NMR(d 6 -DMSO)8: 

1.53-1.81 (m, 4H) ( 2.63 (brs, 1H) 
5 2.88 (brs, 1 H), 3.51 (m, 2H), 3.83 (brs, 2H), 5.57 (s, 2H), 5.97 (d, J = 8 Hz, 1 H), 

7.05 (t. J » 9 Hz, 1H), 7.51 (t, J = 10 Hz, 1H), 7.92 (d, J = 14 Hz, 1H), 8.65 (s, 1H) 

Example 64 

10 1-(3-amino-4,6<irfluorophenyl)-7-[@^ 
acid: 

The title compound was obtained by the similar procedure as Example 60 except that 1 -(3-amino-4,6-dif luorophe- 
nyl)-6,7 P 8-trrfluoro-1,4<lihydro-4-oxoquinoline-3-carboxylic acid was used. 

Properties: brown powder 

mp: 204-21 0°C (decomposed) 

1 H-NMR (d 6 -DMSO)6: 

1.67 (m, 1H), 1 .95 (m, 1H), 5.42 (s, 2H), 
20 7.08 (m, 1H), 7.37 (t, J = 10 Hz, 1H), 

7.78 (d, J = 14 Hz, 1H), 8.45 (S, 1H) 

Example 65 

■ ! $ff i 1 -(3-amino-4,6-dif luorophenyl)-7-(3-hydroxypyrrolidin-1 -yl)-6,8-dif luoro-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid: 

; The title compound was obtained by the similar procedure as Example 60 except that 3-hydroxypyrrolidine was 
■ri 1 used. 



to Properties: pale yellow powder 

: r mp: 144-152°C (decomposed) 

:W 1 H-NMR(d 6 -DMSO)8: 

0 1.81 (m, 2H), 3.79 (m, 1H), 4.29 (bre, 1H), 

5.00 (s, 1H), 5.44 (s,2H), 

\m [ 7.09 (t, J = 8 Hz, 1H), 7.39 (t, J = 10 Hz, 1H), 7.80 (d, J = 14 Hz, 1H), 8.47 (s, 1H) 

J; Example ge 

fp- ] 1-(3-amino-2,4KJifluorophenyl)-7-[(3S)-3-aminopyrix)lidin-1-y()-^ 
fM\ ylicacid: 

; The title compound was obtained by the similar procedure as Example 48 except that 1 *(3-amino-2,4-drf luorophe- 

nyt)-7-chloro-6-fluoro-1 ^-dihydro^-oxo-l^-naphthyridine-S-carboxyiic acid was used. 

45 Properties: pale brown powder 

mp: 268-272°C (decomposed) 

1 H-NMR(d 6 -DMSO)S: 

1 .79 (m, 1 H), 2.05 (m, 1 H), 5.58 (s, 2H), 
6.84 (m t 1H), 7.11 (t, J = 10 Hz, 1H), 
50 8.07 (d, J = 13 Hz, 1H), 8.69 (s, 1H) 

Example 67 

1-(3-amino-2,4-difluorophenyl)-7-[(3S,4S)-3-amino-4-methylpyrrolidin-1 -yi)-6-fluoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyrid- 
55 ine-3-carbcxylic acid: 

The title compound was obtained by the similar procedure as Example 48 except that 1-(3-amino-2,4-dif luorophe* 
nyi)-7-chloro-6-fluoro-1 ,4<iihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid was used. 
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Properties: pale brown powder 

1 H-NMR(d 6 -DMSO) 8: 

0.91 (brd, 1H), 2.14 (m, 1H), 5.58 (6, 2H), 
6.83 (m, 1H), 7.10 (t. J = 10 Hz, 1H), 
5 8.02 (d, J * 1 2 Hz, 1 H), 8.65 (S, 1 H) 



Example 69 

1 -(3-amino-4,5,6-trrf luorophenyO-7-[(3S)-3-aminopyrrolidin-1 -yl)-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-car- 
10 boxyiic acid: 



The title compound was obtained by the similar procedure as Example 60 except that 1 -(3-amino-4,5,6-trifluoroph- 
enyl)-7-chloro^-fluoro-1,4^hydro^^xo-1,8-naphthyridine-3<artx)xylic acid was used. 



is Properties: brown powder 

mp: >256°C (decomposed) 

1 H-NMR(d6-DMSO)8: 

1.58-1.84 (m, 1H), 1.84-2.23 (m, 1H), 
5.74 (s. 2H), 6.81 (t, J = 5 Hz, 1H), 
20 8.03 (d, J = 12 Hz, 1H), 8.73 (s, 1H) 



Example 69 



1 -(3-amino-4,5,6-trrf luorophenyO-7-[(3S)-3-aminopyrrolidin-1 -yl)-6-f luoro-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid: 

[25 

The title compound was obtained by the similar procedure as Example 60 except that 1 -(3-amino-4,5,6-trtf luoroph- 
enyl)-6,7-dif luoro-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid was used. 

Properties: brown powder 

30 mp: >270°C (decomposed) 

1 H-NMR(d 6 -DMSO)8: 

1.61-1.81 (m, 1H), 1.89-2.15 (m, 1H), 

5.88 (s, 2H), 6.88 (brs. 1H), 

7.85 (d, J = 15 Hz, 1H), 8.69 (s, 1H) 

Example 7Q 

1 -(3-amino-2,4,6-trifluorophenyl)-7-[{3S)-3-aminopyrrolidin-1 -yl)-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-car- 
boxylic acid: 

In 1 ml of dimethyisulfoxide was dissolved 70 mg of 1 -(3-amino-2,4,6-trrf luorophenyl)-7-chloro-6-f luoro-1 ,4-dihydro- 
4-axo-1 ,8-naphthyridine-3-carboxylic acid. To the solution were added 0.018 ml of 3(S)-3-aminopyrrolidine and 0.04 ml 
of triethylamine. The solution was stirred at 80°C for 1 hour. Diethyl ether was added to the reaction solution to repeat 
decantation twice. A small amount of ethanol was added to the residue. After 10 minutes of refluxing, the precipitated 
45 solid was collected by filtration and washed with diethyl ether to give 51 mg of the title compound. 

Properties: pale brown powder 

mp: 273-277°C 
1 H-NMR(d 6 -DMSO)6: 
so 1.75-1.78 (m, 1H), 2.00-2.18 (m, 1H), 

5.46 (brs, 1H), 7.39 (t, J = 10 Hz, 1H), 

8.08 (d. J = 13 Hz, 1H), 8.97 (s, 1H) 



Example 71 

55 

1 -(3-amino-6-chloro-44luorophenyl)-7-[(3S)-3-amino-pyrTolidin-1 -yl]-6-fIuoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3- 
carboxylic acid: 



The title compound was obtained by the similar procedure as Example 70 except that 1-(3-amino-6-chloro-4-fluor- 
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opheny0-7<hloro-6-fluoro-1,4^ihy^ acid was used. 

Properties: pale yellowish brown powder 

mp: 249-252°C 
5 1 H-NMR(d 6 -DMSO)5: 

1.74-1.95 (m. 1H), 2.00-2.16 (m, 1H), 
5.69 (brs. 2H), 7.00 (d, J = 9 Hz, 1 H), 
7.47 (d, J = 1 1 Hz, 1H), 8.02 (d, J = 12 Hz, 1H), 8.61 (s. 1H) 

w Example 72 

1 -(3-amino-6-chloro-4-f luorophenyl)-7-[(3S)-3-amino-pyrrolidin-1 -yi]-6-f luoro-1 ,4-dihydro-4-oxoquinoline-3-carboxylic 
acid: 

75 The title compound was obtained by the similar procedure as Example 70 except that 1-(3-amino-6-criloro-4-fluor- 
ophenyO-7-chloro-6-fluoro-1,4-dihydro-4-oxoquinoline-3-cart)Oxylic acid was used. 

Properties: pale red powder 

mp: 177-182°C (decomposed) 

20 1 H-NMR(d 6 -DMSO)8: 

1.59-1.75 (m, 1H), 1.86-2.07 (m, 1H), 
5.78 (d, J = 7 Hz, 1H). 5.89 (brs, 2H), 

7.06 (d, J = 9 Hz, 1H), 7.60 (d, J = 1 1 Hz, 1 H), 7.86 (d, J = 14 Hz, 1 H), 8.56 (s, 1 H) 

;M ] Example 73 

! Q 1 -(3-amino-4-chloro-6-f luorophenyl)-7-[(3S)-3^mino-pyrrolidin-1 -yl]-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3- 
i carboxylic acid: 

The title compound was obtained by the similar procedure as Example 70 except that 1-(3-amino-4-chloro-6-fluor- 
ophenyl)-7-chloro-6-fluoro-1,4^ihydro-4-OKO-1,8-naphthyridine-3-carboxylte acid was used. 

• Properties: brown powder 

mp: >258°C (decomposed) 
%[ 1 H-NMR(d6-DMSO)6: 

] % , 1.53-1.80 (m, 1H), 1.83-2.06 (m, 1H), 

T ; 5.56 (brs, 2H), 6.99 (d, J = 7 Hz, 1 H), 

jM= \ 7.48 (d, J = 10 Hz, 1H), 8.02 (d, J = 13 Hz, 1H), 8.68 (s. 1H) 

m \ Example 74 

1 -(3-amino-4-f luoro-2-methyiphenyl)-7-[(3S)-3-amino-pyrrolidin-1 -yQ-6-f luoro-1 ,4<lihydro-4-oxo-1 ,8-naphthyridine-3- 
carboxylic acid: 

45 The title compound was obtained by the similar procedure as Example 70 except that 1 -(3-amino-4-fluoro-2-meth- 
ylphenyl)-7-chloro-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carboxylic acid was used. 

Properties: pale brown powder 

mp: >1 65°C (decomposed) 

so 1 H-NMR(d 6 -DMSO)8: 

1 .53-1 .73 (m, 1 H), 1 .74-1 .98 (m, 1 H), 
1.83 (s. 3H),5.25 (br, 2H), 

6.75 (d, J = 9 Hz, 1H), 7.09 (d, J = 13 Hz, 1H), 8.02 (d, J = 13 Hz, 1H), 8.48 (s, 1H) 



32 



EPO 787720 A1 

Example 75 

7-[(3S)-3-aminopyrrolidin-1-yl]-1-(2,4-difl^ 
carboxytic acid: 

The title compound was obtained by the similar procedure as Example 48 except that 7-chloro-1-(2,4-drfluoro-5- 
formylaminophenyl)-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-caiboxylic acid was used. 

Properties: pale brown powder 

mp: 218-225°C 
1 H-NMR(d 6 -DMSO)6: 

1.62 (m, 1H), 1.90 (m, 1H), 

7.72 (t, J = 10 Hz, 1H), 8.01 (d, J = 13 Hz, 1H), 8.34 (s, 1H), 8.38 (t, J = 8 Hz, 1 H), 8.71 (s, 1H) 

Example 76 

7-[(3S,4S)-3-amino-4-methylpyrrolidin-1 -yf]-1 -(2,4-dif luoro-5-formylaminophenyl)-6-f luoro-1 ,4-dihydro-4-axo-1 ,8-naph- 
thyridine-3-carboxylic acid: 

The title compound was obtained by the similar procedure as Example 54 except that 7-chloro-1-(2,4-drfluoro-5- 
formylaminophenyl)-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carboxylic acid was used. 

Properties: colorless powder 

mp: 215-216°C 
1 H-NMR(ds-DMSO) 6: 

0.92 (brd, 3H), 2.15 (m, 1H), 

7.71 (t, J o 1 0 Hz, 1 H), 8.01 (d, J = 1 2 Hz, 1 H), 8.34 (s, 1 H), 8.38 (t, J = 8 Hz, 1 H), 8.78 (s, 1 H) 

Example 77 

7-[(3S)-3-aminopyrrolidin-1 -yl]-1 -(3-benzoylamino-4,6-difluoropheny0-6-fluoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3- 
carboxylic acid: 

The title compound was obtained by the similar procedure as Example 48 except that l^-benzoytamino^.e^lff- 
luorophenyl)-7^hloro^-fliJoro-1.4<lihydro^K)xo-1,8-naphthyrWine-3^rboxylic acid was used. 

Properties: pale brown powder 

mp: 197-200°C 
1 H-NMR(d 6 -DMSO)6: 

1.65 (m, 3H), 1.92 (m, 1H), 

7.51-7.63 (m, 3H). 7.72 (t, J = 10 Hz, 1H), 7.94-8.07 (m, 4H), 8.78 (s. 1H) 

Example 78 

7-[(3S)^-aminopyrrolidin-1-yl]-1-(2,4-d^ 
carboxylic acid: 

The title compound was obtained by the similar procedure as Example 48 except that 7-chloro-1-(2,4-drfluoro-5- 
methyfaminophenyl)-6-f luoro-1 ,4-dihydro-4-oxo-^^ acid was used. 

Properties: pale brown powder 

mp: 256-258°C (decomposed) 

1 H-NMR(d6-DMSO)S: 

1.63 (m, 1H), 1.91 (m, 1H), 

2.70 (d, J = 5 Hz, 3H), 5.79 (brs. 1 H), 

6.96 (t, J = 8 Hz, 1 H), 7.39 (t. J = 10 Hz, 1 H), 8.02 (d, J = 12 Hz, 1 H), 8.68 (s, 1 H) 
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Example 79 

7-[(3S)-3-aminopyrrolidin-1-yl]-1-(2,4«Jifluo 
acid: 

5 

The title compound was obtained by the similar procedure as Example 60 except that 1-(2,4-difluoro-5-methylami- 
nophenyO-GjKlHIuoro-l^^lihydro^^xoquinoline^K^rtxjxylic acid was used. 

Properties: brown powder 

to mp: 21 9-226°C (decomposed) 

'H-NMRfde-DMSOJS: 

1.59-1 .78 (m, 1H), 1.91-2.07 (m, 1H), 
2.70 (d,Jo5 Hz, 3H), 5.91-6.04 (m, 1H), 

7.04 (t, J = 8 Hz, 1 H), 7.54 (t. J = 1 1 Hz, 1 H), 7.86 (d, J = 1 4 Hz, 1 H), 8.63 (S. 1 H) 

15 

Example SO 

7-[(3S)-3-aminopyrrolidin-1-yn-1-(3-dim^ 
carboxylic acid: 

20 

The title compound was obtained by the similar procedure as Example 48 except that 7-chloro-1 -(3-dimethylamino- 
4,6-drf luorophenyl)-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carboxylic acid was used. 

Properties: pale brown powder 

2S mp: 248-251 °C (decomposed) 
3; 1 H-NMR(d 6 -DMSO)S: 

3 * 1.63 (m, 1H), 1.91 (m, 1H), 2.77 (s, 6H), 

5 ! 7.36 (t, J = 8 Hz, 1H), 7.49 (t, J = 10 Hz, 1H), 8.02 (d, J = 13 Hz, 1H), 8.74 (s, 1H) 

% Example 81 

43 ; 7-[(3S)-3-aminopyrroIidin-1 -yl]-1 -[2,4<lifluoro-5-(L-glycylamino)phenyll-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine- 
M 3-carboxylic acid: 

35 \ To 2 ml of N ( N-dimethyfformamide were added 700 mg of 1 -(3-amino-4,6-dif Iuorophenyl)-7-chloro-6-f luoro-4-oxo- 
% . 1,4-dihydro-1,8-naphthyridine-3-carboxylic acid, 450 mg of (3S)-3-(t-butoxycarbonylamino)pyrrolidine, and 400 mg of 
'^7 ; triethylamine. The mixture was stirred at 70°C for 30 minutes. To the solution was added 30 ml of diisopropyl ether. The 
^ : solution was stirred and allowed to stand. The supernatant was decanted off. The remainder was ready for the subse- 
t's; quent reaction. 

M To 1 0 ml of dichloromethane were added 350 mg of N-Boc-glycine and 2 1 0 mg of N-methyi morpholine. With stirring 

III ■ at -20°C, 270 *d of isobutyl chloroformate was added to the solution, which was stirred for 20 minutes. This solution was 
cooled to -60°C, and the entire amount of the above-prepared 1 -(3-amino-4,6-dif luorophenyt)-7-[(3S)-3-(t-butaxycarbo- 
nylamino)pyrrdidinyq-6-fluoro-4-Qxo-1,4-dihy^ acid in 10 ml of dichloromethane was 

added thereto. The solution was allowed to slowly warm up to room temperature and then heated at reflux for 2 hours. 

45 The solution was allowed to stand at room temperature overnight and 50 ml of chloroform and 10 ml of distilled water 
were added thereto. The solution was separated, dried over anhydrous magnesium sulfate, and concentrated in vacua. 
A 1/3 fraction of the bubbly solidified residue was dissolved in 6 ml of acetonrtrile, 1 .5 ml of a dioxane solution of 4N 
hydrogen chloride was added thereto, and the solution was stirred at room temperature. A precipitate formed in about 
1 minute. The solution as such was stirred overnight. The precipitate was collected by filtration and dissolved in about 

so 4 ml of distilled water. The solution was neutralized to about pH 8 by adding a 1 0% sodium hydroxide aqueous solution 
little by little, causing a precipitate to form. The solution was heated at reflux for 1 hour and allowed to cool down. The 
precipitate was collected by filtration, and successively washed with distilled water, ethanol and diisopropyl ether to give 
193 mg of the title compound in the form of a colorless powder. 

55 Properties: colorless powder 

mp: >270°C 
1 H-NMR(d 6 -DMSO)6: 

1.65(m,1H), 1.92 (m, 1H), 

7.73 (t, J = 1 1 Hz, 1H), 8.04 (d, J = 13 Hz, 1H), 8.38 (m, 1H), 8.78 (s, 1H) 
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Example 82 

1 -(3-amino-4,6-dif luorophenyl)-6-f luoro-7-[(3S)-3-(L-valyl-amino)pyrrolidin-1 -yl]-1 ,4-dihydro4-oxo-1 ,8-naphthyridine- 
3-carboxylic acid: 

5 

To 5 ml of dichloromethane were added 220 mg of N-Boc-L-valine and 106 mg of N-methylmorpholine. With stirring 
at -20°C, 1 40 ^ of isobutyl chloroformate was added to the solution, which was stirred for 20 minutes. This solution was 
cooled to -60°C, and a dispersion of 475 mg of ethyl 7-[(3S)-3-aminopyn-olidin-1-yl]-1-(2 ( 4-difluoro-5- formylaminophe- 
nyl)-6-fluoro-4-oxo-1 > 4-dihydro-1 t 8-naphthyridine-3-carboxylate in 10 ml of dichloromethane was added thereto. The 

w solution was allowed to slowly warm up to room temperature and then stirred at 40°C for 30 minutes. To the solution 
was added 20 ml of chloroform and 10 ml of distilled water. The solution was separated, dried over anhydrous magne- 
sium sulfate, and concentrated in vacua. A half fraction of the bubbly solidified residue was dissolved in a mixture of 3 
ml of 1N hydrochloric acid and 3 ml of ethanol, and the solution was stirred at 100°C for 1.5 hours. The solution was 
concentrated in vacua, 3 ml of 1 N hydrochloric acid was added to the residue, and the solution was stirred at 100°C for 

is 40 minutes. The solution was concentrated in vacua and the residue was dissolved in 2 ml of distilled water. The solu- 
tion was neutralized to about pH 8 by adding a 10% sodium hydroxide aqueous solution little by little, causing a precip- 
itate to form. With 2 ml of ethanol added, the solution was heated at reflux for 30 minutes and allowed to stand. The 
precipitate was collected by filtration, and washed with ethanol and then diisopropyl ether to give 141 mg of the title 
compound. 

20 

Properties: colorless powder 

mp: 162-167°C 
1 H-NMR(d6-DMSO)5: 

0.78 (d, J o 7 Hz, 3H), 0.80 (d, J = 7 Hz, 3H), 1.71-1.92 (m, 2H), 1.95-2.10 (m, 1H) t 
25 2.88 (d, J = 6 Hz, 1 H), 4.32 (brs. 1 H), 

5.35 (s, 2H), 6.95 (t, J = 8 Hz, 1H), 
7.35 (t. J = 1 0 Hz, 1 H), 8.06 (d, J = 1 2 Hz, 1 H), 8.69 (s, 1 H) 

Example 83 

30 

1 -(3-amino-4,6-dif luorophenyl)-6-f luoro-7-[(3S)-3-(L-valyl-amino)pyrrolidin-1 -yl]-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine- 
3-carboxylic acid monomethanesutfonic acid salt: 

To 4 ml of ethanol were added 215 mg of 1-(3-amino-4,6-difluorophenyl)-6-fluoro-7-[(3S)-3-(L-valylamino)pyrroli- 
35 din- 1 -yi]-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carbaxylic acid and 24 mg of methanesutfonic acid. The mixture was 
stirred and heated at reflux for 30 minutes. The solution was allowed to cool down and the precipitate was collected by 
filtration, washed with ethanol and then diisopropyl ether, and air dried to give 21 1 mg of the title compound. 

Properties: colorless powder 

40 mp: >270°C 
1 H-NMR (de-DMSO) 8: 

0.87 (d, J = 7 Hz, 6H), 1.84-2.18 (m, 3H), 

2.31 (s, 3H). 3.45 (brs, 1H), 4.36 (brs, 1H), 5.36 (s, 2H), 6.96 (t, J = 8 Hz, 1H), 

7.32 (m, 1H), 8.06 (brs, 2H), 

45 8.09 (d, J o 12 Hz, 1H), 8.64 (d, J = 7 Hz, 1H), 8.71 (s, 1H) 

Example 84 

1 -(3-amino-4,6-dif luorophenyl)-6-f luoro-7-[(3S)-3-(L-leucylamino)pyrrolidin-1 -yl]-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine- 
50 3-carbaxylic acid: 

The title compound was obtained by the similar procedure as in Example 82 except that N-Boc-L-leucine was used. 

Properties: pale brown powder 

55 mp: 149-154°C 
1 H-NMR(d6-DMSO) 8: 

0.7 (d, J o 7 Hz, 3H), 0.82 (d, J = 7 Hz, 3H), 1.14-1.37 (m, 2H). 1.54-1.65 (m, 1H), 
1.79-1.94 (m, 1H), 1.95-2.10 (m, 2H), 
3.10 (t, J = 7 Hz, 1H), 4.28 (brd. 1H), 
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5.35 (s, 2H), 6.96 (t, J = 8 Hz, 1H), 

7.34 (t, J o 10 Hz, 1H), 8.05 (d, J = 12 Hz, 1H), 8.69 (s, 1H) 

Example 85 

1 -(3-amino-4,6-dif luorophenyl)-7-(3-methylaminopiperidino)-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carboxylic 
acid: 

The title compound was obtained by the similar procedure as in Example 48 except that 3-methylaminopiperidine 
dihydrochloride was used. 

Properties: pale brown powder 

mp: 240-242°C (decomposed) 

1 H-NMR(d 6 -DMSO)6: 

1 .23-1 .46 (m, 2H), 1 .62-1 .87 (m, 2H), 

2.11 (d, J = 9 Hz, 3H), 3.82^.18 (m, 2H), 5.36 (s, 2H), 6.98 (t J = 7 Hz, 1H), 
7.39 (m, 1H), 8.09 (d, J = 14 Hz, 1H), 
8.71 (s, 1H) 

Example re 

1 -(3-amino-4,6-dif luorophenyl)-7-(3-methylaminopiperidin-1 -yi)-6-f luoro-1 ,4-dihydro-4-oxoquinoline-3-carboxy!ic acid: 

The title compound was obtained by the similar procedure as in Example 60 except that 3-methylaminopiperidine 
dihydrochloride was used. 

Properties: colorless powder 

mp: 254-258°C (decomposed) 

1 H-NMR(d 6 -DMSO)6: 

1.62 (m, 2H), 1.85 (m, 1H), 1.99 (m, 1H), 
2.55 (s. 3H), 2.91 (m, 1H), 5.58 (s, 2H), 

6.52 (d, J = 7 Hz, 1H), 7.08 (t t J = 8 Hz, 1H), 7.52 (t, J = 10 Hz, 1H), 8.02 (d, J = 13 Hz, 1H), 
8.76 (s. 1H) 

Example 87 

1 -(3-amincnt t 6<lifIuorophenyl)-7-pi^^ acid: 

The title compound was obtained by the similar procedure as in Example 48 except that piperazine was used. 

Properties: pale brown powder 

mp: 174-184°C (decomposed) 

1 H-NMR(d6-DMSO)5: 

2.69 (m, 4H), 3.56 (m, 4H), 5.37 (s, 2H), 

6.98 (t, J o 7 Hz, 1H), 7.37 (t, J = 10 Hz, 1H), 8.11 (d, J = 13 Hz, 1H), 8.73 (s, 1H) 

Example 88 

1-(3^mino-4,6-difli»ropheriyl)-7-(3,5^ 
acid: 

The title compound was obtained by the similar procedure as in Example 48 except that piperazine was used. 

Properties: pale brown powder 

mp: 251 -256°C (decomposed) 

1 H-NMR(d 6 -DMSO)8: 

0.96 (brs, 6H), 2.57-2.90 (m, 4H), 4.08 (m, 2H), 5.39 (brs, 2H), 6.98 (t, J = 8 Hz, 1H), 
7.41 (t, J= 11 Hz, 1H), 8.16 (d, J = 13 Hz, 1H), 8.78 (s, 1H) 
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Example 99 

1 -(3-amino-4 ( 6-drfluorophenyl)-7-piperazino-6-fluoro-1 ,4<lihydro-4-oxoquinoline-3-cart)oxylic acid: 

5 The title compound was obtained by the similar procedure as in Example 60 except that piperazine was used. 

Properties: pale yellow powder 

mp: 192-200°C 
1 H-NMR(d 6 -DMSO)8: 
10 3.14 (m, 4H), 3.25 (m, 4H), 5.58 (brs. 2H), 

6.48 (d, J = 7 Hz, 1H), 7.08 (t, J * 8 Hz, 1H), 7.51 (t, J = 10 Hz, 1H), 8.02 (d, J o 13 Hz ( 1H), 

8.75 (S.1H) 

Example 90 

15 

1-(3-amino-4,6-difluorophenyl)-7-(3-methylpiperazino)-6-fluoro-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid dihydro- 
chloride: 

To 1 ml of dimethylsulfoxide were added 35 mg of 3-methylpiperazine and 1 20 mg of triethylamine. After 1 0 minutes 
20 of stirring, 80 mg of 1-(3-amino-4,6-difluorophenyl)^,7-difluoro-1,4-dih^ acid was 

added to the solution, which was heated and stirred at 1 00°C for 2 hours. After the reaction solution was allowed to cool 
down, diethyl ether was added thereto and the supernatant was removed. Ethanol and hydrochloric acid were added to 
the residue and stirred at room temperature for 30 minutes. The solution was concentrated in vacua and diethyl ether 
was added to the residue. The solid was collected by filtration and washed with diethyl ether to give 30 mg of the title 
25 compound. 

Properties: pale yellow powder 

mp: 206-21 3°C (decomposed) 

i 1 H-NMR(d 6 -DMSO)6: 

so 1 .26 (d. J = 7 Hz, 3H), 2.85-3.02 (m, 1 H), 

6.51 (d, J = 7 Hz, 1H), 7.08 (t, J = 8 Hz, 1H), 7.52 (t, J = 10 Hz, 1H), 8.04 (d, J = 13 Hz, 1H), 

8.76 (S.1H) 

Example 91 

)35 

1-(3-amino-4,6<iifluorophenyl)-7-(3,5-dimethy^ 

The title compound was obtained by the similar procedure as in Example 60 except that 3 t 5-dimethylpiperazine 
was used. 

Properties: colorless powder 

mp: 202-21 0°C (decomposed) 

1 H-NMR(d 6 -DMSO)6: 

1.17 (brs. 6H), 2.74 (m, 1H), 3.54 (m, 2H), 
45 5.57 (s, 2H), 6.50 (d, J = 7 Hz, 1 H), 

7.08(t,J=8Hz, 1H),7.52(t,J*10Hz, 1H), 8.02 (d, J = 13 Hz, 1H), 8.75 (s, 1H) 

Example 9? 

50 1 -(3-amino-6-chloro-4-fluorophenyl)-6-fluoro-7-piperazino-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carboxylic acid: 

In 8 ml of dimethylsulfoxide was dissolved 100 mg of 1-(3-amino-6-chloro-4-fluorophenyl)-7-chloro-6-fluoro-1,4- 
dihydro-4-oxo-1 ,8-naphythyridine-3-carboxylic acid. 1 20 mg of piperazine was added to the solution, which was stirred 
at 80°C for 1.5 hours. Diethyl ether was added to the reaction solution to repeat decantation twice. A small amount of 
55 ethanol was added to the residue. After 10 minutes of refluxing, the precipitated solid was collected by filtration and 
washed with diethyl ether to give 19 mg of the title compound. 

Properties: brown powder 

mp: 190°C (decomposed) 



37 



EP0787720A1 



1 H-NMR(d 6 -DMSO)8: 

2.88 (6, 4H), 3.65 (S, 4H), 5.72 (s, 2H), 

7.01 (d, J = 5 Hz, 1H), 7.46 (d, J = 11 Hz, 1H), 8.17 (d, J = 13 Hz, 1H), 8.71 (s, 1H) 

s Example 93 

1 -(3-amino-6-chloro-4*f luoropheny1)-6-f luoro-7-piperazino-1 ,4-dihydro-4-oxoquinoline-3-cait>oxylic acid: 

The title compound was obtained by the similar procedure as in Example 92 except that 1-(3-amino-6-chloro-4- 
10 fluorophenyl)-7-chloro-6-fluoro-1 ,4-dihydro-4-oxo-quinoline-3-carboxylic acid was used. 

Properties: pale yellow powder 

mp: 228-237°C 
1 H-NMR(d 6 -DMSO)8: 
is 2.81 (s, 4H), 5.91 (brs, 2H) ( 

6.30 (d, J = 7 Hz, 1 H), 7.10 (d, J a 10 Hz, 1 H), 7.61 (d. J = 1 1 Hz, 1 H), 7.97 (d, J = 12 Hz, 1 H), 

8.69 (s. 1H) 

Example 94 

20 

1 -(3-amino-4-chloro-6-f luorophenyl)-6-f luoro-7-piperazino-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-cartx)xylic acid: 

The title compound was obtained by the similar procedure as in Example 92 except that 1-(3-amino-4-chloro-6- 
f luorophenyl)-7-chloro-6-f luoro-1 ,4<iihydro-4-cxo-1 ,8-naphthyridine-3-carbcxylic acid was used. 

AS 5 - 

;j]3 ; Properties: yellowish brown powder 

\?k ! mp: 270°C 
%\ 1 H-NMR(d 6 -DMSO)8: 

|:;£ i 2.87 (brs, 4H), 5.59 (brs, 2H), 

^ 7.00 (d, J = 7 Hz, 1H), 7.55 (d, J = 10 Hz, 1H), 8.12 (d, J = 13 Hz, 1H), 8.75 (s, 1H) 

Example 95 

= 1 -(3-amino-4-fluoro-6-methylpher»yl)-6-fluoro-7-piperazino-1 ,4-dihydro-4-oxo-1 f 8-naphthyridine-3-carboxylic acid: 

. The title compound was obtained by the similar procedure as in Example 92 except that 1 -(3-amino-4-f luoro-6- 
; = P ; ; methylphenyl)-7-chloro-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carboxylic acid was used. 

i;T= ; Properties: yellowish brown powder 

mp: 239°C (decomposed) 

!ue| 1 H-NMR(d 6 -DMSO)S: 

|!El " 1 .08 (s. 3H), 2.68 (brs, 4H), 3.48 (brs, 4H), 

5.28 (brs, 2H), 6.77 (d, J = 8 Hz, 1 H), 
7.09 (d, J = 12 Hz, 1H), 8.11 (d. J = 14 Hz, 1H), 8.55 (s. 1H) 

45 

Example 96 

1 -(3-amino-2,4-dif luorophenyl)-7-[(3S)-3-(formylamino)-pyrrolidin-1 -yl]-6-f luoro-4-axo-1 ,4-dihydro-1 ,8-naphthyridine-3- 
carboxylic acid: 

50 

To 600 mg of N,N-dimethylformamide were added 210 mg of 1-(3-amino-2,4<lrfluorophenyl)-7-[(3S)-3-aminopyrTO- 
lidin-1-yl]-6-fluoro-4-cxo-1,4<iihydro-1,8-naphthyridine-3- carboxylic acid and 40 mg of formic acid. The solution was 
stirred at 120°C for 1 hour. After 8 ml of diisopropyl ether was added and stirred, the solution was allowed to stand. The 
supernatant was decanted off. Then 2 ml of ethanol was added, and the solution was heated at reflux for 20 minutes 
55 and allowed to cool down. The precipitate was collected by filtration and washed with ethanol and then diisopropyl ether 
to give 180 mg of the title compound. 

Properties: pale brown powder 

mp: 214-216°C 
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1.83 (m, 1H), 2.09 (m, 1H), 4.36 (m, 1H), 
5.36 (s, 1H), 6.96 (t, J = 8 Hz, 1H), 

7.36 (t J«10Hz, 1H),7.96(d. Jo4Hz, 1H), 8.07 (d, J = 13 Hz. 1H), 8.38 (m, 1H), 
8.70 (s. 1H) 

Reference Example 6 

Ethyl 8-chloro-6,7-dif luoro-1 -(2,4-dif luorophenyl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylate: 



To 3.9 g of ethyl ortho-formate and 5.5 g of acetic anhydride was added 5 g of ethyl 3-chloro-2 ,4,5-trrfluorobenzoy- 
lacetate. The solution was heated at reflux for 3 hours, allowed to cool down, and concentrated in vacua. To the residue 
was added 20 ml of chloroform. With ice cooling, 2.3 ml of 2,4-dif luoroaniline was added dropwise. After the completion 
of addition, the solution was stirred at room temperature for 2 hours. The reaction solution was concentrated in vacua, 

is and hexane was added to the residue. The solid was collected by filtration to give ethyl 2-(3-chloro-2,4,5,6-tetrafluor- 
obenzoyl)-3-(2,4-drf luoroamino)acrylate. To 6.3 g of this ethyl 2-(3-chloro-2,4 ( 5,6-tetraf luorobenzoyI)-3-(2,4-difluoroam- 
ino)acrylate were added 2.5 g of potassium carbonate and 20 ml of N,N-dimethytformamide. The solution was heated 
and stirred at 90°C for 1 hour and allowed to cool down. The reaction solution was poured into ice water and the pre- 
cipitate was collected by filtration and washed with water. The precipitate was dissolved in chloroform and washed with 

20 water. The solution was dried over magnesium sulfate and concentrated in vacua. Diethyl ether was added to the resi- 
due. The solid was collected by filtration and washed with ethanol and diethyl ether to give 5.1 g of the title compound. 

Properties: colorless powder 

mp: 211-212°C 
,25 1 H-NMR(CDCI 3 )5: 

=□ ! 1.40 (t, J = 7 Hz, 3H), 4.40 (q, J = 7 Hz, 2H), 7.02-7.12 (m, 2H), 7.44 (m, 1H), 

!)3 ■■ 8.31-8.37 (m, 1H), 8.33 (s, 1H) 



Reference Example 7 

Ethyl 5,6,7,8-tetraf luoro-1 -(2,4-dif luorophenyi)-1 ,4-dihydro-4-oxoquinoiine-3-carbaxylate: 

The title compound was obtained by the similar procedure as in Reference Example 6 except that ethyl 2.3,4,5,6- 
pentafluorobenzoylacetate was used. 

Properties: colorless powder 

mp: 172-173°C 
1 H-NMR(CDCJ 3 ) 5: 

1.38 (t. J = 7 Hz, 3H), 4.37 (q, J = 7 Hz, 2H), 7.08 (m, 2H), 7.50 (m, 1H), 8.18 (s, 1H) 

Reference Example q 

N-Ethoxycarbonyl-2,4-difluoro-m-phenylenediamine methane-sutfonic acid salt: 

45 To 500 ml of cone, sulfuric acid was added 151 g of 2,4-difluorobenzoic acid. With ice cooling and stirring, 1 14 g of 
potassium nitrate powder was added thereto in portions over 30 minutes. Stirring was continued for a further 1 hour, 
yielding a sherbet-like precipitate. The reaction solution was poured into 1 .5 L of ice water and stirred for 30 minutes. 
The precipitate was collected by filtration, washed with 1 L of distilled water, air dried, and then dried in vacua over 
phosphorus pentoxide to give 164.5 g of 2 l 4-drfluoro-5-nitrobenzoic acid as colorless crystals. 

so To 20 ml of dichloromethane was added 6.1 g of 2,4-drfluoro-5-nttrobenzoic acid. With 3 ml of oxalyl chloride and 4 
drops of N, N-dimethyW ormamide added, the solution was stirred for 2 hours. The solvent and the excess of the reagents 
were distilled off in vacua. The residue was dissolved in 6 ml of dichloromethane and then added dropwise to a solution 
of 2.1 g of sodium aside in 5 ml of N,N-dimethylformamide while ice cooling and stirring. The mixture was stirred tor 10 
minutes, then warmed to room temperature, stirred for a further 5 minutes, combined with 45 ml of ethyl ether, 1 5 ml of 

55 n-hexane and 100 ml of distilled water. After shaking, the mixture was separated into layers. The organic layer was 
washed with 100 ml of distilled water, dried over anhydrous magnesium sulfate, and concentrated in vacua. A 2/3 frac- 
tion of the residue was combined with 6 ml of ethanol and heated in a hot water bath at 80°C for 2 hours to give an eth- 
anol solution of crude N-ethoxycarbonyl-2,4-diftuoro-5-nitroaniline. 

To the solution was added 14 ml of ethanol. With 2.0 g of methanesuffonic acid and 0.2 g of 10% palladium on car- 
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bon added, hydrogenation was carried out overnight (15 hours) at room temperature. Since a precipitate formed, 20 ml 
of methanol was added to dissolve the precipitate. The catalyst was filtered off. The filtrate was concentrated in vacua, 
and the precipitated plates were collected by filtration and washed with a mixture of ethanol and diisopropyl ether to give 
4.0 g of the title compound as slightly red crystals. 

5 

Reference Example 9 

N-benzyloxycarbonyl-2,4-difluoro-m-phenylenediamine: 

10 To 60 ml of dichloromethane was added 20.3 g of 2,4<lif luoro-5-nitrobenzoic acid. With 1 0 ml of oxalyi chloride and 
15 drops of N,N-dimethyrformamide added, the solution was stirred overnight The solvent and the excess of the rea- 
gents were distilled off in vacua. The residue was dissolved in 30 ml of dichloromethane and then added to 15 ml of 
N, N-dimethylfbrmamide. While ice cooling and stirring, 7.5 g of sodium azide was added in portions to the solution. The 
mixture was stirred for 10 minutes, then warmed to room temperature, stirred for a further 10 minutes, and combined 
15 with 1 00 ml of ethyl ether, 50 ml of n-hexane and 400 ml of distilled water. After shaking, the mixture was separated into 
layers. The organic layer was washed twice with 400 ml of distilled water, dried over anhydrous magnesium sulfate, and 
concentrated in vacua. To the residue was added 12.0 g of benzyl alcohol. The solution was concentrated in vacua, and 
150 ml of toluene was added to the residue. After the solution was heated in a warm water bath at 40°C for 2 hours, 
then in a hot water bath at 60°C for 25 hours, and then in a hot water bath at 100°C for 1 hour, it was concentrated in 
20 vacua to give crude N-benzyloxycarbonyl-2 ( 4-drfluoro-5-nitroaniline as a slowly solidifying residue. 

To a mixture of 300 ml of distilled water and 200 ml of ethanol was added 84 g of iron powder. With stirring at 80°C, 
7 ml of cone, hydrochloric acid was added to the solution in portions, and stirring was continued for 5 minutes. The 
entire amount of the above-prepared N-benzyloxycarbonyl-2,4-dif luoro-5-nitroaniline was dissolved in 1 00 ml of ethanol 
and added to the dispersion in portions such that mild reflux might occur. The dispersion was stirred at 80°C for 15 min- 
is utes. After 500 ml of benzene was added, stirring was continued for 5 minutes. After the iron powder was filtered off, the 
□ - filtrate was washed with ethanol, combined with 200 ml of distilled water, and shaken for separation. The organic layer 
^ was dried over anhydrous magnesium sulfate, passed through a thin layer of silica gel powder, and concentrated in 
%, : vacua. The precipitated colorless plates were dispersed in diisopropyl ether and collected by filtration to give 1 8.2 g of 
j? \ the title compound. 
ho 

p Example 97 

Ethyl 8-chloro-6,7-dif luoro-1 -(2,4-drf luoro-5-nitrophenyl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylate: 

Sfl To 15 ml of sulfuric acid was added 2.5 g of ethyl 8-chloro-6,7-difluoro-1-(2,4-difluorophenyl)-1 ,4-dihydro-4-oxoqui- 
p noline-3-carboxylate. Wrth ice cooling, 950 mg of potassium nitrate was added in portions and the solution was stirred 
'r overnight at room temperature. The reaction solution was poured into ice water and stirred overnight at room tempera- 
rl ; ture. The precipitate was collected by filtration and washed with water, ethanol and diethyl ether to give 2.4 g of the title 
f] compound. 

7: . Properties: colorless powder 

s¥ mp: 209-21 0°C 

1 H-NMR(CDCl3) 6: 

1 .40 (t, J = 7 Hz, 3H), 4.40 (q. J = 7 Hz, 2H), 7.43 (t. J = 9 Hz, 1 H), 8.30 (s t 1 H), 8.36 (m, 2H) 

45 

Example 98 

Ethyl 8-chloro-6,7-difluoro-1 -(2,4-dif luoro-5-formylaminophenyl)-1 ,4-dihydro4-oxoquinoline-3-carboxylate: 

so To 20 ml of dichloroethane and 1 0 ml of formic acid were added 2 g of ethyl 8-chloro-6.7-drf luoro-1 -(2,4<Jif luoro-5- 
nitrophenyl)-1,4-dihydro-4-oxoquinoline-3-carboxylate and 200 mg of 10% palladium on carbon. Under a hydrogen 
atmosphere, the solution was stirred at room temperature for 3 hours and after addition of acetic anhydride, further 
stirred overnight. The catalyst was removed by a membrane filter and the filtrate was concentrated in vacua. Diethyl 
ether was added to the residue whereupon the solid was collected by filtration and washed with ethanol and diethyl 

55 ether to give 1 .9 g of the title compound. 

Properties: yellow powder 

mp: 223-229°C 
1 H-NMR (d 6 -DMSO)6: 
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1.27 (t, J = 7 Hz, 3H), 4.23 (q, J = 7 Hz, 2H), 7.76 (t, J = 10 Hz, 1H), 8.23 (t, J = 10 Hz, 1H), 
8.33 (8, 1H), 8.47-8.60 (m t 1H), 
8.51 (s, 1H) 

5 Example 99 

1 -(3-amino-4,6-dif luorophenyl)-8-chloro-6.7-drf luoro-1 ,4<lihydro-4-Qxoquinoline-3-carboxyljc acid: 

Ethyl 8-chloro-6,7-dif luoro-1 -(2,4-difluoro-5-tormyl^^^ (1.8 g) 

10 was added to 5 ml of hydrochloric acid and 20 ml of acetic acid. The solution was heated at reflux for 3 hours. The reac- 
tion solution was allowed to cool down and concentrated in vacua, and ethanol was added to the residue. The solid was 
collected by filtration and washed with diethyl ether to give 1.4 g of the title compound. 

Properties: pale yellow powder 

15 mp: 225-226. 5°C 

1 H-NMR (de-DMSO) 8: 

7.09 (t. J = 8 Hz. 1 H), 7.43 (t. J = 1 1 Hz, 1 H), 8.40 (t, J = 9 Hz, 1 H), 8.69 (s. 1 H) 

Example 100 

20 

Ethyl 5-benzyloxy-1-(3-ethOKycarbony1arri ,4-dihydro-4-oxoquinoline-3-carboxy- 
late: 

Ethyl 2-benzyloxy-3,4,6-trrfluorobenzoy1acetate (1.35 g) was added to 860 mg of ethyl ortho-formate and 1.2 g of 
25 acetic anhydride and the solution was heated and stirred for 4 hours. The reaction solution was allowed to cool down 
and concentrated in vacua. To the residue was added 20 ml of chloroform. With ice cooling, a solution of 1.2 g of N- 
ethoxycarbonyl-2,4-diftuoro-m-phenylenediamine methansulfonate of Reference Example 8 and 0.51 ml of triethyl- 
amine in 20 ml of methanol was added dropwise. After the completion of addition, the solution was stirred at room tem- 
perature for 2 hours. The reaction solution was concentrated in vacua. To the residue were added 630 mg of potassium 
30 carbonate and 5 ml of N,N-dimethytformamide. The solution was heated and stirred at 90°C for 1 hour. The reaction 
solution was allowed to cool down and poured into ice water. The precipitated solid was collected by filtration and dis- 
solved in chloroform. The organic layer was separated and dried over magnesium sulfate, and the solvent was distilled 
off. Ethanol and diethyl ether were added to the residue. The solid was collected by filtration and washed with diethyl 
ether to give 1 .2 g of the title compound. 

35 

Properties: yellow powder 

mp: 130-134°C 
1 H-NMR(CDCI 3 )6: 

1 .33 (t, J = 7 Hz, 3H), 1 .38 (t, J = 7 Hz, 3H), 4.26 (q, J = 7 Hz, 2H), 4.38 (q, J = 7 Hz, 2H), 5.32 
40 (S. 2H), 6.41 (m, 1 H), 6.97 (d, J = 3 Hz, 1 H), 7.19 (dd, J = 9 Hz, 10 Hz, 1 H), 

7.26-7.42 (m, 3H), 7.64 (m, 2H), 8.25 (s, 1H), 8.38 (t J = 8 Hz, 1H) 

Example 101 

45 1 -(3-amino-4,6-difluorophenyl)-6,7-difluoro-5-hydrQxy-1 ,4-dihydro-4-Qxoquinoline-3-carboxylic acid: 

Ethyl 5-benzyloxy-1 -(3-ethoxy<»rbonylamino-4,6-dif luorophenyl)-6,7-dif luoro-1 ,4-dihydro-4-Qxoquinoline-3-car- 
boxyiate (500 mg) was added to 5 ml of 48% hydrobromic acid and 5 ml of acetic acid. The solution was heated at reflux 
overnight. The reaction solution was allowed to cool down and concentrated in vacua, and ethanol was added to the 
so residue. The solid was collected by filtration and washed with diethyl ether to give 1 30 mg of the title compound. 

Properties: pale yellow powder 

mp: >270°C 
1 H-NMR(d 6 -DMSO)6: 
55 6.64 (dd, J = 6 Hz, 12 Hz. 1 H), 

6.99 (dd, 8 Hz, 9 Hz, 1H), 
7.49 (dd. 10 Hz, 1 1 Hz, 1H), 8.77 (s, 1H) 
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Example 1Q? 

Ethyl 1 -(3-benzyloxycarbonylamino-4,6-drf luorophenyO-6,7-drtluoro-5-methyM ,4Kiihydr<>4-oxoquinoline-3-cartxwy- 
late: 

5 

Ethyl 2-methyl-3,4,6-trifluorobenzoylacetate (2.6 g) was added to 2.2 mg of ethyl ortho-formate and 3.1 g of acetic 
anhydride and the solution was heated and stirred for 2 hours. The reaction solution was allowed to cool down and con- 
centrated in vacua. To the residue was added 20 ml of chloroform. With ice cooling, a solution of 2.78 g of N-benzyloxy- 
carbonyl-2,4<lifluoro-m-phenylenediamine of Reference Example 9 in 10 ml of chloroform was added dropwise. After 

10 the completion of addition, the solution was stirred at room temperature for 1 hour. The reaction solution was concen- 
trated in vacua. To the residue were added 1.65 g of potassium carbonate and 10 ml of N,N-dimethyrformamide. The 
solution was heated and stirred at 90°C for 1 hour. The reaction solution was allowed to cool down and poured into ice 
water. The precipitated solid was collected by filtration and dissolved in chloroform. The organic layer was separated 
and dried over magnesium sulfate, and the solvent was distilled off. Ethanol and diethyl ether were added to the residue. 

is The solid was collected by filtration and washed with diethyl ether to give 2.4 g of the title compound. 

Properties: yellow powder 

mp: 202-204°C 
1 H-NMR(CDCI 3 ) 6: 

20 1 .38 (t, J = 7 Hz, 3H), 2.92 (d, J = 3 Hz, 3H), 4.38 (q, J = 7 Hz, 2H), 5.21 (s. 2H), 

6.50 (t, J « 9 Hz, 1H), 7.08 (brs, 1H), 
7.19 (t, J = 10 Hz, 1H), 7.39 (brs, 5H), 
8.27 (s, 1H),8.38(t J = 8Hz, 1H) 
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Example 1Q3 

1 -(3-amino-4,6-drf luorophenyl)-6,7-dif luoro-5-methyl-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid: 

Ethyl 1-[3-(benzyloxycarbonylamino-4,6^ 
boxylate (2 g) was added to 10 ml of hydrochloric acid and 20 ml of acetic acid. The solution was heated at reflux for 3 
hours. The solution was allowed to cool down and concentrated in vacua. Ethanol was added to the residue. The solid 
was collected by filtration and washed with diethyl ether to give 940 mg of the title compound. 



; Properties: colorless powder 

mp: >270°C 

1 H-NMR(d6-DMSO)8: 

;r : 2.86 (brs, 3H), 7.07 (t, J = 8 Hz, 1 H), 

iNf : 7.20 (m, 1H), 7.52 (t, J o 11 Hz, 1H), 

iftl: 8.81 (s,1H) 

Example 1Q4 

Ethyl 5,6,7,8-tetraf luoro-1 -(2,4-drf luoro-5-nitrophenyl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylate: 

45 The title compound was obtained by the similar procedure as Example 97 except that ethyl 5,6,7,8-tetraf luoro-1 - 
(2,4-difluorophenyl)-1 l 4-dihydro-4-oxoquinoline-3-carbOKytate was used. 

Properties: colorless powder 

mp: 235-238°C 
so 1 H-NMR (dg-DMSO) S: 

1.26 (t, J = 7 Hz, 3H), 4.23 (q, J = 7 Hz, 2H), 8.15 (t, J => 10 Hz, 1H), 8.54 (s, 1H), 
8.95 (t, J = 8 Hz, 1H) 



Example 105 

Ethyl 5,6,7,8-tetraf luoro-1 -(2,4-drf luoro-5-formylaminophenyl)-1 t 4-dihydro-4-oxoquinoline-3-carboxylate: 

The title compound was obtained by the similar procedure as Example 98 except that ethyl 5,6,7,8-tetraf luoro-1- 
(2,4-difluoro-5-nitrophenyl)-1,4-dihydro-4- oxoquinoline-3-carboxylate was used. 
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Properties: pale brown powder 

mp: 179-182°C 
1 H-NMR (d 6 -DMSO) 8: 

1 .25 (t, J = 7 Hz, 3H), 4.22 (q. J = 7 Hz, 2H), 7.78 (t, J = 10 Hz, 1 H), 8.34 (s, 1 H), 
8.44 (8. 1H), 8.55 (t,Jo8Hz, 1H) 

Eyampls 1Q6 

Ethyl 5-benzylamino-6,7,8-trif luoro-1 -(2,4-drfluoro-5-formylaminophenyi)-1 ( 4-dihydro-4-oxoquinoline-3-carboxylate: 



To 30 ml of toluene were added 800 mg of ethyl 5 ( 6J,8-tetrafluorc^H2 ( 4<Jrfiuoro-5-formy1aminophenyl)-1,4-dihy- 
dro-4-oxoquinoline-3-carboxylate, 0.21 ml of benzylamine, and 140 mg of anhydrous potassium carbonate. The solu- 
tion was heated at reflux overnight. The reaction solution was allowed to cool down and concentrated in vacua. The 
residue was combined with chloroform and washed with water. The solution was dried over magnesium sulfate and the 
is solvent was distilled off. Diethyl ether was added to the residue. The solid was collected by filtration and washed with 
diethyl ether to give 600 mg of the title compound. 

Properties: yellow powder 

mp: 151-156°C 
20 1 H-NMR(d 6 -DMSO)8: 

1 .24 (t, J = 7 Hz, 3H), 4.19 (q, J = 7 Hz, 2H), 4.66 (m, 2H), 7.29 (m, 2H), 7.36 (s. 3H), 
7.73 (t, J = 1 1 Hz, 1H), 8.33 (s, 2H) ( 
8.50 (t,J = 8Hz, 1H) 

S§ ] 25 Example 1Q7 

\ i;3 \ Ethyl 5-amino-6,7,8-trif luoro-1 -(2,4-dtf luoro-5-formylaminophenyl)-1 ,4-dihydro-4-oxoquinoline-3-cartxjxylate: 



To 20 ml of ethanol and 10 ml of acetic acid were added 600 mg of ethyl 5-benzylamino-6,7,8-trif luoro-1 -(2 ( 4<*rf- 
30 luoro-5-formylaminophenyl)-1 ,4-dihydro-4-oxoquinoiine-3- carboxylate and 100 mg of 10% palladium on carbon. Under 
a hydrogen atmosphere, the solution was stirred at room temperature for 2 days. The catalyst was removed by a mem- 
brane filter and the filtrate was concentrated in vacua. Diethyl ether was added to the residue whereupon the solid was 
: CD collected by filtration and washed with diethyl ether to give 420 mg of the title compound. 

35 Properties: yellow powder 

mp: >230°C (decomposed) 

1 H-NMR(d 6 -DMSO)S: 

1 .25 (t, J = 7 Hz, 3H), 4.20 (q, J = 7 Hz. 2H), 7.73 (t, J = 1 1 Hz, 1 H), 7.88 (brs, 2H), 
8.30 (s,1H), 8.34 (s, 1H), 
40 8.49 (t, J = 8 Hz, 1H) 

Example 1Q8 

5-amino-1 -(3-amino-4,6-difluorophenyl)-6,7 ( 8-trif luoro-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid: 

45 

The title compound was obtained by the similar procedure as Example 99 except that ethyl 5-amino-6,7,8-trifluoro- 
1-(2,4-drfluao-5-formy1aminophe was used. 

Properties: yellow powder 

so mp: >270°C 
1 H-NMR(d 6 -DMSO)5: 

7.14 (t J = 8 Hz, 1H), 7.42 (t, J = 10 Hz, 1H), 8.50 (S, 1H) 



Example 109 

Ethyl 1 -(3-benzyloxycartX)nylamino-4,6-dtfluorophenyl)-7-chloro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carbQxylate: 

Ethyl 2,6-dichloronicotinoylacetate (1 1.8 g) was added to 8.8 ml of ethyl ortho-formate and 13 ml of acetic anhy- 
dride and the solution was heated at reflux for 2 hours. The reaction solution was concentrated in vacua. To 3.2 g of this 
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compound was added 20 ml of toluene. A solution of 3.1 g of N-benzyloxycarbonyl-2,4-difluoro-m-phenylenediamine of 
Reference Example 9 in 10 ml of toluene and 10 ml of ethanol was added dropwise. After the completion of addition, 
the solution was stirred at room temperature overnight. The reaction solution was concentrated in vacua to give ethyl 2- 
(2,6-dichloronicotinoyl)-3-(3-benzyloxycato Its entire amount was dis- 

solved in 10 ml of N.N-dimethytformamide and 1 .39 g of potassium carbonate was added. The solution was stirred at 
room temperature overnight. The reaction solution was poured into ice water. The solid was collected by filtration and 
washed with ethanol and then diethyl ether to give 3.4 grams' of the title compound. 

Properties: colorless powder 

mp: 242-243°C 
1 H-NMR(CDCI 3 )8: 

1.41 (t, J = 7 Hz, 3H), 4.41 (q, J = 7 Hz, 2H). 5.22 (s, 2H), 7.01 (brs, 1H), 
7.13 (t, J = 9 Hz, 1H), 7.37 (s, 2H), 
7.40 (s. 3H), 7.50 (m, 1H), 8.35 (m, 1H), 
8.54 (s, 1H), 8.72 (d, J = 8 Hz, 1 H) 

Example 11Q 

1 -(3-amino-4,6-dif luorophenyl)-7-chloro-1 ,4-dihydro-4-axo-1 ,8-naphthyridine-3-carboxylic acid: 

To 1.0 g of ethyl 1-(34>erraylaxycartwnylamino-4,6^^ 
carboxylate were added 4 ml of 12N hydrochloric acid and 8 ml of acetic acid. The solution was heated at reflux for 3 
hours and stirred at room temperature overnight. The solid precipitated in the reaction solution was collected by filtration 
and successively washed with ethanol, chloroform and diethyl ether to give 550 mg of the title compound. 

Properties: colorless powder 

mp: >270°C 
1 H-NMR(d 6 -DMSO)5: 

7.07 (t, J = 8 Hz, 1 H), 7.44 (t. J * 1 0 Hz, 1 H), 7.80 (d, J = 8 Hz, 1 H), 8.78 (d, J = 8 Hz, 1 H) 8.96 
(s, 1H) 

Example 111 

7-chloro-6-fluoro-1-(4-fluoro-3-nitrophenyl)-1 ,4-dihydro-4-oxo-1 ,8-naphrthyridine-3-carboxylic acid: 

To 10 ml of cone, sulfuric acid was added 1 .5 g of 7-chloro-6-fluoro-1-(4-fluorophenyl)-1 ,4-dihydro-4-axo-1 ,8-naph- 
thyridine-3-carboxylic acid. Potassium nitrate (1.4 g) was added in portions to the solution, which was heated and 
stirred at 80°C for 2 hours. The reaction solution was allowed to cool down, poured into ice water, and stirred overnight. 
The precipitated solid was collected by filtration and successively washed with water, ethanol, and diethyl ether to give 
1 .1 grams of the title compound. 

Properties: pale yellow powder 

mp: >270°C 
1 H-NMR(d 6 -DMSO)5: 

7.89 (t, J = 10 Hz, 1H), 8.09-8.17 (m, 1H), 8.59-8.66 (m, 1H), 8.80 (d, J = 7 Hz, 1H) 9.08 (s, 
1H) 

Example 112 

Methyl 7-chloro-6-f luoro-1 -(4-f luoro-3-nitrophenyl)-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carboxylate: 

To 25 ml of methanol was added dropwise 1 g of thionyl chloride. To the solution was added 1 .1 g of 7-chloro-6- 
f luoro-1 -(4-f luoro-3-nrtrophenyl)-1,4Kiih^ acid. The solution was heated at 

reflux overnight. The reaction solution was allowed to cool down and concentrated in vacua. Diethyl ether was added 
to the residue. The solid was collected by filtration to give 1 .4 g of the title compound. 

Properties: yellow powder 

mp: 207-21 2°C 

1 H-NMR(d6-DMSO)8: 
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3.78 (s, 3H), 7.87 (d, J e 9 Hz, 1H), 
8.10-8.17 (m, 1H), 8.54-8.62 (m, 2H), 
8.78 (s, 1H) 

5 Example 113 

1 -(3-amino-4-f luorophenyl)-7-chloro-6-fluoro-1,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carbCDcylic acid: 

Methyl 7-chloro-6-fluoro-1-(4-fluoro-3Hiitropheny^ (600 mg) 

ro was dissolved in 30 ml of methanol, 10 ml of acetic acid and 30 ml of dichloroethane, and 100 mg of 10% palladium on 
carbon was added thereto. Under a hydrogen atmosphere, the solution was stirred at room temperature overnight. The 
catalyst was removed by a membrane filter and the filtrate was concentrated in vacua. To the residue were added 4 ml 
of acetic acid and 1 ml of hydrochloric acid. The solution was heated and stirred at 100°C overnight. The reaction solu- 
tion was concentrated in vacua. Diethyl ether was added to the residue whereupon the solid was collected by filtration 
is and washed with diethyl ether to give 160 mg of the title compound. 

Properties: pale yellow powder 

mp: >270°C 
1 H-NMR (d 6 -DMSO) 5: 

20 6.74-6.83 (m ( 1 H), 6.96 (dd, J = 3 Hz, 8 Hz, 1 H), 7.23 (dd, J = 9 Hz, 1 1 Hz, 1 H), 

8.76 (t,J = 8Hz,1H),8.79(s, 1H) 

Example 114 

25 Ethyl 7-chloro-1 -(3-ethQxycarbonylamino-4,6-dff luorophenyl)-6-f luoro^4-oxo-1 ,4-dihydro-1 ,8-naphthyridine-3-carboxy- 
late: 

Ethyl 3-ethoxy-2-(2 , ,6*<Jichloro-5*-fluoronicotinoyl)-acrylate prepared from 1.25 g of ethyl 2,6-dichloro-5-fluoronico- 
tinoyiacetate by a conventional process was dissolved in 10 ml of methanol. To the methanol solution, 1 .30 g of N-ethox- 

30 ycarbonyl-2 t 4-drf luoro-m-phenylenediamine methansulfonate of Reference Example 8 was added together with 500 mg 
of triethylamine. The reaction solution was concentrated in vacua. To the residue were added 50 ml of chloroform and 
50 ml of distilled water. After shaking, the mixture was separated into layers. The organic layer was dried over anhy- 
drous magnesium sulfate and concentrated in vacua. To the residue were added 2.1 g of anhydrous potassium carbon- 
ate and 4 ml of N,N4imethylfbrmamide. The solution was heated and stirred at 90°C for 15 minutes. The reaction 

35 solution was allowed to cool down and 50 ml of chloroform and 300 ml of distilled water were added, followed by sepa- 
ration. The chloroform layer was washed twice with 300 ml of distilled water, dried over anhydrous magnesium sulfate, 
and concentrated in vacua. The precipitate was dispersed in ethanol, collected by filtration and washed with ethanol 
and then diisopropyl ether to give 647 mg of the title compound. 

40 Properties: pale brown powder 

mp: 209-212°C 
1 H-NMR(d 6 -DMSO) 8: 

1 .24 (t, J = 7 Hz, 3H), 1 .28 (t. J = 7 Hz, 3H), 4. 13 (q. J = 7 Hz, 2H) ( 4.24 (q, J = 7 Hz, 2H), 7.70 
(t, J = 10 Hz, 1H), 8.03 (t. J = 8 Hz, 1H), 8.54 (d. J = 8 Hz, 1H), 8.76 (s, 1H) 

45 

Example 115 

7-chloro-1 -(3-ethoxycarbonylamino-4,6-dif luorophenyl)-6-f luoro-4-oxo-1 ,4-dihydro-1 ,8-naphthyridine-3-carbQxylic acid: 

so Ethyl 7-chloro-1-(3-ethoxy<»fbonylamin^ 

boxylate (200 mg) was added to a mixture of 1.5 ml of 3N hydrochloric acid and 1 ml of acetic acid. The solution was 
heated at reflux for 3 hours and 40 minutes. The reaction solution was allowed to cool down whereupon the precipitate 
was collected by filtration and washed with ethanol and then diisopropyl ether to give 149 mg of the title compound. 

55 Properties: pale yellow powder 

mp: 233-235°C 
1 H-NMR(d6-DMSO) 8: 

1 .24 (t, J = 7 Hz t 3H), 4.13 (q, J = 7 Hz, 2H). 7,71 (t. J = 10 Hz, 1 H), 8.08 (t, J = 8 Hz, 1 H), 8.77 
(d,J=:7Hz, 1H), 9.06 (s, 1H) 
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9.65 (s, 1H) 

Example 116 

Synthesis by another process of 1-(3-amino-4,6<iifluorophenyl)-7-chloro-6-fluw^ 
3-carboxylic acid: 

Ethyl 7-chloro-1 -(3-ethoxycartx)nylamino^ P 6KlrfluoiX)phenyl)-6-fluorcMswo-1 t 4-dihydro-1 ,8-naphthyridine-3-car- 
boxylate (200 mg) was added to a mixture of 2 ml of 6N hydrochloric acid and 2 ml of acetic acid. The solution was 
stirred and heated at reflux for 4 days. The reaction solution was allowed to cool down whereupon the precipitate was 
collected by filtration. The filtrate was concentrated in vacua and 6 ml of 6N hydrochloric acid was added to the residue. 
The solution was stirred and heated at reflux for 18 hours. The reaction solution was concentrated in vacua and 1 ml of 
ethanol was added to the residue. The solution was allowed to stand whereupon the precipitate was collected by filtra- 
tion and washed with ethanol and then diisopropyl ether to give 29 mg of the title compound as a pale yellow powder. 

Example 117 

7-(3-aminoazetidin-1 -yl)-1 -(3-amino-4,6-difluorophenyl)-6-fluoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-cartx>xylic 
acid: 

To 200 ml of acetonitrile were added 3.7 g of 1-(3-amino^,6<lifluorophenyl)-7-chloro-6-fluoro-1,4Kjihydro^-oxo- 
1,8-naphthyridine-3-carboxylic acid, 2.18 g of 3-aminoazetidine dihydrochioride, and 6.06 g of triethylamine. The solu- 
tion was stirred at 80°C for 15 hours. The reaction solution was cooled whereupon the precipitated solid was collected 
by filtration and washed with ethanol and isopropyl ether to give 3.7 g of the title compound. 

Properties: pale yellow powder 

mp: 168.5-170.5°C 
1 H-NMR(d6-DMSO)8: 

3.60-4.60 (m, 5H) t 5.35 (brs, 2H), 

6.95 (t. J = 8 Hz, 1H), 7.35 (t, J = 10 Hz, 1H), 8.03 (d, J = 11.5 Hz, 1H), 8.68 (s. 1H) 

Example 118 

1 -(3-amino-4,6-dif luorophenyl)-6-f luoro-7-(3-hydroxyazetidin-1 -yl)-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carboxylic 
acid: 

The title compound was obtained by the similar procedure as Example 1 17 except that 1-(3-amino-4 ( 6-drfluoroph- 
eny0-7-chloro^-fluoro-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid. 3-hydroxyazetidine hydrochloride, and 
triethylamine were used. 

Properties: pale yellow powder 

mp: >253°C (decomposed) 

1 H-NMR(d 6 -DMSO)6: 

3.60-4.65 (m, 5H), 5.35 (brs, 2H), 5.82 (brs, 1 H), 6.95 (t, J = 8 Hz, 1 H), 7.35 (t. J = 10 Hz, 1 H), 
8.03 (d, J = 1 1 .5 Hz, 1 H), 8.68 (S, 1 H) 

Example 119 

1 -(3-amino-4,6-dif luorophenyl)-6-f luoro-7-(3-methylaminoazetidin-1 -yl)-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carbox- 
ylic acid: 

The title compound was obtained by the similar procedure as Example 117 except that 1-(3-amino-4,6-difluoroph- 
enyl)-7-chloro-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carboxylic acid and 3-methylaminoazetidine dihydrochlo- 
ride, and triethylamine were used. 

Properties: colorless powder 

mp: 1 35.5-1 40.5°C 

1 H-NMR(d6-DMSO)5: 

2.53 (s, 3H), 3.80-4,90 (m, 5H), 5.38 (brs. 2H), 6.97 (t, J = 8 Hz, 1H), 7.36 (t, J = 10 Hz, 1H), 
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8.1 1 (d, J o 10.7 Hz, 1H), 8.70 (S, 1H) 

Example 120 

5 1 -(3-amino-4,6-difluorophenyi)-7-(3-ettiylaminoazetidin-1 -yl)-6-f luoro-1 ,4^dihydro-4-oxo-1 ,8-naphthyridine-3^carboxy- 
lic acid: 

The title compound was obtained by the similar procedure as Example 1 17 except that 1-(3-amino-4,6-difluoroph- 
enyi)-7-chloro-6-fiuoro-1.4-dihydro-4^^^ acid, 3-ethylaminoazetidine dihydrochloride, 

w and triethylamine were used. 

Properties: colorless powder 

mp: 122.5-124°C 
1 H-NMR(d 6 -DMSO)8: 

15 0.98 (t, J = 7 Hz, 3H), 2.45 (q, J = 7 Hz, 2H), 3.20-4.80 (m, 5H), 5.34 (brs, 2H), 

6.94 (t. J a 8 Hz, 1H), 7.35 (t, J = 10 Hz, 1H). 8.01 (d, J = 10.7 Hz, 1H), 8.67 (s, 1H) 

Example 121 

20 1 -(3-amino-4,6-difluorophenyl)-7-(3-dimethylaminoazetidin-1 -yi)-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-car- 
boxylic acid hydrochloride: 

The title compound in a free form was obtained by the similar procedure as Example 1 1 7 except that 1 -(3-amino- 
4,6-difluorophenyt)-7-chloro-6-f luoro-1 ,4-dihydro-4-oxo-1 .S-naphthyridine-S^carboxylic acid, 3-dimethylaminoazetidine 
25 dihydrochloride, and triethylamine were used. This solid (1 10 mg) was dissolved in 5 ml of chloroform and 2 ml of 4N 
hydrochloric acid/1 ,4-dioxane was added thereto. The solvent was distilled off and 2 ml of ethanol was added to the res- 
idue. The precipitated solid was collected by filtration to give 60 mg of the title compound. 

Properties: pale yellow powder 

30 mp: >242°C (decomposed) 

1 H-NMR(d 6 -DMSO)6: 

2.72 (s, 6H), 3.90-4.80 (m, 5H), 

5.20-6.70 (br, 2H), 7.18 (t, J = 8 Hz, 1H), 7.45 (t, J = 10 Hz, 1H), 
8.13 (d, J = 11.1 Hz, 1H), 8.73 (S. 1H) 

35 

Example 122 

1 -(3-amino-4,6-difluorophenyl)-6-f luoro-7-(trans-2-methyl-3-aminoazetidin-1 -yl)-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine- 
3-carboocylic acid: 

40 

The title compound was obtained by the similar procedure as Example 117 except that 1-(3-amino-4,6-difluoroph- 
enyl)-7-cNoro^-f luoro-1 ,4-dihydro-^^ acid, trans-2-methyl-3-aminoazetidine dihy- 

drochloride, and triethylamine were used. 

45 Properties: pale yellow powder 

mp: >237°C (decomposed) 

1 H-NMR(d6-DMSO)5: 

0.90-1 .35 (m, 3H), 3.20-3.55 (m, 2H), 
3.80-4.60 (m, 2H), 5.37 (brs, 2H), 
so 6.85-7.05 (m, 1 H), 7.25-7.50 (m, 1 H), 

8.09 (d, J o 9 Hz, 1H), 8.72 (s. 1H) 

Example 123 

55 7-(3-aminoazetidin-1 -yl)-1 -(3-amino-4,6-difluorophenyI)-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carboxylicacid 
p-toluenesulfonic acid salt: 

The title compound was obtained by the similar procedure as Example 52 except that Compound 117 was used. 
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Properties: pate red powder 

mp: 179-184°C 
1 H-NMR(d 6 -DMSO)8: 



2.28 (S, 3H), 3.50-4.80 (m, 5H), 

6.96 (t, J o 8 Hz, 1H), 7.11 (d, J = 8 Hz, 1H), 7.37 (t. J o 10 Hz, 1H), 7.48 (d, J = 8 Hz, 1H), 
8.12 (d, J = 1 1.1 Hz, 1H), 8.30 (brs, 3H), 
8.74 (s, 1H) 



Example 124 



10 



7-(3-aminoazetidin-1 -yl)-1 -(3-amino-4,6-difluorophenyI)-6-fluoro-1 ,4<Jihydro-4oxo-1 ,8-naphthyridine-3-cartx)xylicacid 
methanesutfonic acid salt: 

The title compound was obtained by the similar procedure as Example 52 except that Compound 1 17 and meth- 
15 anesulfonic acid were used. 

Properties: pale red powder 

mp: >21 4°C (decomposed) 

1 H-NMR(d 6 -DMSO)5: 
20 2.34 (s, 3H), 3.80-4.80 (m, 5H), 

6.96 (t, J = 8 Hz, 1H), 7.37 (t, J = 10 Hz, 1H), 8.14 (d, J = 11.2 Hz, 1H), 8.31 (brs, 3H), 8.74 (s, 

1H) 



Example 125 

7-(3-amino-3-methylazetidin-1 -yl)-1 -(3-amino-4,6-dif luorophenyQ-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-haphthyridine-3-car- 
boxylic acid: 

The title compound was obtained by the similar procedure as Example 1 1 7 except that 1 -(3-amino-4,6-dif luoroph- 
}50 enyl)-7-chloro-6-f luoro-1 ,4-dihydro-4-oxo-1 ( 8-naphthyridine-3-carboxylic acid, 3-amino-3-methylazetidine dihydrochlo- 
% ride, and triethylamine were used. 

W Properties: colorless powder 

! mp: 244-246.5°C 

i;35 1 H-NMR(d 6 -DMSO)8: 

> 1 .42 (s. 3H), 3.20-4.55 (m, 4H), 

; 5.37 (brs, 2H), 6.95 (t, J = 8 Hz, 1 H), 

^ ; 7.36 (t, J = 10 Hz, 1H), 

; <M ; 8.07 (d. J = 11.1 Hz, 1H),8.71(s, 1H) 
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7-(3-L-alanyIaminoazetidin-1 -yl)-1 ^ 
boxytic acid: 

The title compound was obtained by the similar procedure as Example 117 except that 1-(3-amino-4,6-difluoroph- 
eny0-7-chloro-6-fiuoro-1,4<iihydro-4-^ acid, 3-L-alanylaminoazetidine dihydrochlo- 

ride, and triethylamine were used. 

so Properties: pale yellow powder 

mp: 208.5-21 4°C 

1 H-NMR(d6-DMSO)8: 

1.28 (d, J = 6.8 Hz, 3H), 3.55-3.75 (m, 1H), 3.70-4.80 (m, 5H), 5.38 (brs, 2H). 
6.97 (t, J o 8 Hz, 1H), 7.36 (t, J = 10 Hz, 1H), 8.07 (d, J = 11.1 Hz, 1H), 8.70 (s, 1H), 
ss 9.07 (brs, 1H) 
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Example 127 

1 -(3-amino-4,6'dif luorophenyi)-6-f luoro-7-(3-L-valylaminoazeWin-1 -yl)-1 ,4-dihydro-4-axo-1 ,8-naphthyridine-3-carbox- 
ylic acid: 

The title compound was obtained by the similar procedure as Example 1 1 7 except that 1 -(3-amino-4,6-dif luoroph- 
eny1)-7-chloro-6-f tuoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carboxy1ic acid, 3-L-valylaminoazetidine dihydrochloride, 
and triethylamine were used. 

Properties: colorless powder 

mp: 262.5-264.5°C 
1 H-NMR (d 6 -DMSO)6: 

0.78 (d, J m 7 Hz, 3H), 0.85 (d, J = 7 Hz, 3H), 1.70-1.95 (m, 1H), 2.91 (d, J = 5.5 Hz, 1H), 3.70- 
4.80 (m, 5H), 5.35 (brs, 2H), 

6.95 (t, J = 8 Hz, 1 H), 7.35 (t, J = 10 Hz, 1 H), 8.06 (d, J = 1 1 . 1 Hz, 1 H), 8.52 (brs. 1 H), 8.69 (s, 
1H) 

Example 128 

1 -(3-amino-4,6-difluorophenyl)-6-f luoro-7-(3-methylaminopyrrolidin-1 -yl)-4-oxo-1 ,4-dihydro-1 ,8-naphthyridine-3-car- 
boxylic acid: 

The title compound was obtained by the similar procedure as Example 48 except that 3-methylaminopyrrolidine 
dihydrochloride was used. 

Properties: colorless powder 

mp: 273-276°C (decomposed) 

1 H-NMR(de-DMSO)8: 

1.79 (m, 1H), 1.93 (m, 1H), 2.24 (s, 3H), 

5.35 (brs, 2H), 6.96 (t, J = 8 Hz, 1 H), 

7.36 (t. J = 10 Hz. 1H), 8.03 (d. J = 12 Hz, 1H), 8.68 (s. 1H) 

Example 129 

1 -(3-amino-4,6<itf luorophenyl)-6-f luoro-7-[(3S)-3-(methylamino)pyrrolidin-1 -yl-4-axo-1 ,4-dihydro-1 ,8-naphthyridine-3- 
carboxylic acid: 

The title compound was obtained by the similar procedure as Example 48 except that (3S)-3-(methylamino)-pyrro- 
lidine dihydrochloride was used. 

Properties: pale brown powder 

mp: 246-248° C (decomposed) 

1 H-NMR(d 6 -DMSO)8: 

1.79 (m. 1H). 1.92 (m. 1H). 2.23 (s, 3H), 
3.18 (m, 2H). 5.35 (brs, 2H) 

6.97 (t, J = 8 Hz, 1H), 7.36 (t, J = 10 Hz, 1H), 8.02 (d, J = 13 Hz, 1H), 8.68 (s, 1H) 

Example 130 

1-(3-amino-4,6-difluorophenyl)-6-fluoro-7-[(3S)-3-(e%lamino)pyrrolidin-1 -yl-4-oxo-1 ,4-dihydro-1 ,8-naphthyridine-3- 
carboxylic acid: 

The title compound was obtained by the similar procedure as Example 48 except that (3S)-3-(ethylamino)-pyrroli- 
dine dihydrochloride was used. 

Properties: pale brown powder 

mp: 248-251 °C (decomposed) 

1 H-NMR(d 6 -DMSO)S: 

0.98 (t, J = 7 Hz. 3H), 1.75 (m, 1H), 
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1.95 (m, 1H), 5.35 (brs, 2H) 

6.96 (t. J = 8 Hz, 1H), 7.36 (t, J » 11 Hz, 1H), 8.01 (d t J = 12 Hz, 1H), 8.67 (s, 1H) 

Example 131 

1 -(3-amino-4,6-drf luorophenyl)-7-(3-amino-3-methylpyrrolidin-1 -yt)-6-fluoro-4-oxo-1 ,4-dihydro-1 ,8-naphthyridine-3-car- 
boxylic acid: 

The title compound was obtained by the similar procedure as Example 48 except that 3-amino-3-methylpyrrolidine 
dihydrochloride was used. 

Properties: colorless powder 

mp: 223-225°C 
1 H-NMR(d 6 -DMSO)8: 

1.20 (d, J = 3 Hz, 3H), 1 .60 (m, 1 H), 
1.71 (m, 1H), 5.35 (brs, 2H), 

6.96 (t, J = 8 Hz, 1 H), 7.36 (t, J = 10 Hz, 1 H), 7.99 (d. J = 13 Hz, 1 H), 8.63 (s, 1 H) 

Example 132 

1 -(3-amino-4,6-dif luorophenyl)-7-(3-aminomethylpyrrolidin-1 -yl)-6-f luoro-4-oxo-1 ,4-dihydro-1 ,8-naphthyridine-3-car- 
boxylic acid: 

The title compound was obtained by the similar procedure as Example 48 except that 3-aminomethytpyrrofidine 
dihydrochloride was used. 

Properties: colorless powder 

mp: 205-21 0°C 

1 H-NMR(d 6 -DMSO)S: 

1.42-1.98 (m, 2H), 2.60 (d, J * 7 Hz, 2H), 5.34 (s, 2H), 6.96 (t, J = 8 Hz, 1 H), 

7.35 (t, J = 10Hz,1H), 

8.01 (d, J = 12 Hz, 1H), 8.66 (s. 1H) 

Example 133 

1-(3-amino-4,6<lifluorophenyl)-7-(4-am^ 
acid: 

The title compound was obtained by the similar procedure as Example 48 except that 4-aminopiperidine dihydro- 
chloride was used. 

Properties: colorless powder 

mp: 212-215°C 
1 H-NMR(d6-DMSO)S: 

1.28 (m, 2H), 1 .74 (m, 2H), 2.95 (m, 1H), 
3.10 (m, 2H), 4.06 (m, 2H), 5.39 (s, 2H), 

6.97 (t, J = 8 Hz, 1 H), 7.36 (t, J = 10 Hz, 1 H), 8.06 (d. J = 1 2 Hz, 1 H), 8.67 (s, 1 H) 

Example 134 

1 -(3-amino-4,6-difluorophenyl)-7-(cis-3-amino-4-methoxypyrrolidin-1 -yl)-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine- 
3-carboxyiic acid: 

The title compound was obtained by the similar procedure as Example 48 except that cis-3-amino-4-methoxypyr- 
rolidine was used. 

Properties: pale yellow powder 

mp: >164°C (decomposed) 

1 H-NMR(d 6 -DMSO) 8: 
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3.13 (8, 3H), 3.73 (m, 2H), 3.93 (m, 1H), 
5.38 (brs, 2H). 6.97 (m, 1H), 7.37 (m, 1H), 
8.10 (d, J a 12 Hz, 1H). 8.71 (s, 1H) 

Example 135 

1 -(3-amino-4,6-drf luorophenyI)-6-f luoro-7-(3-(2-hydroxyethylamino)-pyrrolicline)-1 ,4-dihydro-4-axo-1 ,8-naphthyridine- 
3-carbaxylic acid: 

The title compound was obtained by the similar procedure as Example 48 except that 3-(2-hydroxyethy1amino)-pyr- 
rolidine dihydrochloride was used. 

Properties: pale yellow powder 

mp: >235°C (decomposed) 

1 H-NMR(d 6 -DMSO)6: 

1.65-2.13 (m, 2H), 2.52-2.70 (m, 2H), 
3.42-3.58 (m, 2H), 4.55-4.73 (m, 1 H), 
5.36 (brs, 2H), 6.97 (t, J = 8 Hz, 1 H), 
7.36 (t, Jo 11 Hz, 1H), 
8.04 (d, J = 13 Hz, 1H), 8.69 (s, 1H) 

Example 136 

1 -(3-amino-4,6-dif luorophenyI)-7-(7-amino-5-azaspiro[2.4]heptan-5-yl)-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine- 
3-carbaxylic acid hydrochloride: 

To 2 ml of dimethylsurfoxide were added 173 mg of 7-tert-butyloxycartx)nylamino-5-azaspiro[2.4]heptane B form 
and 164 mg of triethylamine. With heating and stirring at 80°C, 200 mg of 1-(3-amino-4.6-drfluorophenyl)-7-chloro-6- 
fluoro*4*oxo-1,4KJihydro-1,8-naphthyridine-3-carboxylic acid was added to the solution, which was stirred at the tem- 
perature overnight. After the reaction solution was allowed to cool down, diethyl ether was added thereto. The diethyl 
ether layer was concentrated in vacua. The residue was combined with chloroform, washed with water, and dried over 
magnesium sulfate. The solvent was distilled off. Diethyl ether was added to the residue whereupon the solid was col- 
lected by filtration. To the solid were added 30 ml of chloroform and 5 ml of 4N hydrochloric acid/dioxane. After stirring 
at room temperature for 2 hours, the reaction solution was concentrated in vacua. Diethyl ether was added to the resi- 
due whereupon the solid was collected by filtration and washed with diethyl ether to give 1 20 mg of the title conrpound. 

Properties: yellow powder 

mp: >222°C (decomposed) 

1 H-NMR(d 6 -DMSO)8: 

0.78 (m, 4H), 3.26-4.44 (m, 6H), 
7.09 (m, 1H),741 (m, 1H), 
8.12 (d. J = 13 Hz, 1H), 8.35 (brs, 3H), 
8.73 (s, 1H) 

Example 137 

7-(3-aminoazertidin-1-y0-6-fluoro-1-^ 
ylic acid: 

The title compound was obtained by the similar procedure as Example 1 1 7 except that 7-chloro-6-f luoro-1 -(2,4-drf- 
luoro-5-methylaminophenyl)-1,4-dihydirM acid, 3-aminoazetidine dihydrochloride 

and triethylamine were used. 

Properties: pale yellow powder 

mp: >231 °C (decomposed) 

1 H-NMR(d6-DMSO) 8: 

2.69 (d, J o 4.3 Hz, 3H), 3.80-4.80 (m, 5H), 
5.83 (brs, 1 H), 6.96 (t. J = 8 Hz, 1 H), 

741 (t, J = 11 Hz, 1H), 8.14 (d. J = 12 Hz, 1H), 8.20-8.60 (br, 2H), 8.76 (s, 1H) 
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Example 138 

7-[(3S)-3-aminopyrrolidin-1 -yl]-1 -(3-ethoxycarbonylamino-4,6-drf luorophenyl)-6-f luoro-4-oxo-1 ,4-dihydro-1 ,8-naphthy- 
ridine-3-carboxylic acid: 

5 

To 350 jJ of N.N-dimethyiformamide were added 68 mg of 1-(3-etho^cartx)nylamincH4,6<Jrtluorc^henyl)-7-chloro- 

6- fluoro-4-oxo-1 ,4-dihydro-1 ,8-naphthyridine-3-cait)Qxylic acid and 70 mg of (3S)-3-aminopyrrotidine. The solution was 
stirred at 80°C for 20 minutes. Then 0.5 ml of ethanol was added. The reaction solution was allowed to cod down 
whereupon the precipitate was collected by filtration and washed with ethanol and then diisopropyi ether to give 73 mg 

io of the title compound. 

Properties: colorless powder 

mp: >280°C 
1 H-NMR(d6-DMSO)5: 
is 1.23 (t, J = 7 Hz, 3H), 1.34 (m, 1H), 

1.53-1.95 (m, 3H), 2.42 (m), 2.74 (m), 

4.12 (q. J = 7 Hz, 2H), 7.63 ft J = 10 Hz, 1H), 7.95 (t, J = 8 Hz, 1H), 7.99 (d ( J = 7 Hz, 1H), 
8.63 (s, 1H) 

20 Example 139 

7- (3-aminoazetidin-1 -yl)-1 -(3-amino-4,6<Jifluorophenyl)-1 ,4-dihydro-4-axo-1 ,8-naphthyridine-3-carboxyiic acid: 

With stirring at 80°C, 100 mg of 1-(3*mino-4,6-difluorophenyl)-7-chloro-M^^ 
25i carboxylic acid was added to a solution of 61 mg of 3-aminoazetidine dihydrochloride and 1 19 mg of N-methyipyrrolid- 
; ine in 3 ml of acetonitrile. The solution was stirred at 80°C for 2 hours and 50 minutes. After the reaction solution was 
\ S \ allowed to cool down, decantation with diethyl ether was carried out. The solid was dispersed by adding a small amount 
\ : vz i of ethanol and collected by filtration. The solid was washed with ethanol and then diethyl ether to give 63 mg of the title 
|W : compound. 

Properties: pale yellow powder 

; .g mp: >240°C (decomposed) 
! ; =KpH-NMR(d 6 -DMSO) 6: 

* :¥ : 3.50-4.48 (br, 5H), 5.35 (brs, 2H), 

& ; 6.73 (d, J = 9 Hz, 1H), 6.96 (t,J = 9 Hz, 1H), 7.35 ft J * 10 Hz, 1H), 8.32 (d, J = 9 Hz, 1H), 

M 8.69 (s,1H) 

^ [ Example i4p 

\ 1-(3-amino-4,6-difluorophenyO-7-[(3S)-3-am acid: 

The title compound was obtained by the similar procedure as Example 139 except that (3S)-3-aminopyrrolidine was 
used. 

45 Properties: pale red brown powder 

mp: >261°C (decomposed) 

1 H-NMR(d 6 -DMSO)8: 

1.53-1.84 (m, 1H), 1.84-2.15 (m, 1H), 
5.33 (brs, 2H), 6.82 ft J = 10 Hz, 1H), 
so 6.97 ft J = 8 Hz, 1H), 7.35 ft J = 10 Hz, 1H), 8.28 (d, J = 10 Hz, 1H), 8.65 (s. 1H) 

Example 141 

1 -(3-amino-6-chloro-4-f luorophenyl)-7-(3-aminoazetidin-1 -yl)-6-f luoro-1 ,4-dihydro-4-axo-1 ,8-naprtthyridine-3-carboxy- 
55 lie acid: 

The title compound was obtained by the similar procedure as Example 1 39 except that 1 -(3-amino-6-chloro-4-f luor- 
ophenyQ-7-chloro-6-fluoro-1,4-dihydro^ acid was used. 
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Properties: pale yellow powder 

mp: 200-203°C 
1 H-NMR(d 6 -DMSO)8: 

3.70-4.48 (br, 3H), 5.69 (brs, 2H), 
5 6.96 (d, J = 8 Hz, 1H), 7.46 (d, J = 12 Hz, 1H), 8.04 (d, J = 12 Hz, 1H), 8.62 (s. 1H) 

Example 142 

1-(3-amino-6-methyl-4-fluoropheny0-7^^ 
w lie acid: 

The title compound was obtained by the similar procedure as Example 117 except that 1 -(3-amino-6-methyl-4- 
fluorophenyl)-7<hloro-6-fluoro-1,4-dihydro^ acid was used. 

is Properties: pale yellow powder 

mp: >238°C (decomposed) 

1 H-NMR(d6-DMSO)5: 

1.82 (s. 3H), 2.94-4.28 (br, 5H), 5.27 (brs, 3H), 6.74 (d, J = 9 Hz, 1H), 7.09 (d, J = 12 Hz, 1H), 
8.09 (d.Jo 10 Hz, 1H), 8.52 (s, 1H) 

20 

Example 143 

1-(3-amino^-fluorophenyl)-7^(3S)-3-aminop 
acid: 

25 

The title compound was obtained by the similar procedure as Example 60 except that 1 -(3-amino-4-f luorophenyl)- 
7-chloro-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyrtdine-3-carboxylic acid and (3S)-3-aminopyrrolidine were used. 

Properties: brown powder 

30 mp: 262-265°C 
1 H-NMR(d 6 -DMSO)6: 

1 .56-1 .83 (m, 1 H), 1 .86-2.09 (m, 1 H), 
5.50 (brs, 2H), 6.67-6.78 (m, 1 H), 

6.92 (d, J = 9 Hz, 1H), 7.17 (t. J = 12 Hz, 1H), 8.03 (d, J = 13 Hz, 1H), 8.53 (s, 1H) 

35 

Example 144 

1 -(3-amino-4-f luorophenyl)-7-[(3S,4S)-3-amino-4-methylpyrrolidin-1 -ylJ-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine- 
3-carboocylic acid: 

40 

The title compound was obtained by the similar procedure as Example 60 except that 1-(3-amino-4-fluorophenyl)- 
7-chloro-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carboxyiic acid and (3S,4S)-3-amino-4-methylpyrrolidine were 
used. 

45 Properties: brown powder 

mp: >270°C 
1 H-NMR(d6-DMSO)5: 

0.96 (d, J = 7 Hz, 3H), 2.12 (brs, 1H), 
5.50 (s, 2H), 6.68-6.76 (m, 1H), 
so 6.89-7.01 (m, 1H), 7.19 (t, J = 11 Hz, 1H), 8.03 (d, J = 13 Hz, 1H), 8.53 (s, 1H) 

Example 145 

1-(3-amino-4 ( 6^ifluorophenyl)-7-(a^ 
55 ylic acid: 

The title compound was obtained by the similar procedure as Example 60 except that 1-(3-amino-4,6-difluorophe- 
nyl) -6, 7-d if luoro-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid and cis-3-hydroxy-4-methylpyrrolidine were used. 
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Properties: brown powder 

mp: 174-180°C 
1 H-NMR(d 6 -DMSO)6: 

0.94 (d, J = 7 Hz, 3H), 2.1 1 (m, 1H), 
5 2.86-3.81 (m, 4H), 3.86 (m, 1 H), 

5.18 (brs, 2H), 5.93 (d, J = 6 Hz, 1 H), 

7.04 (t, J = 8 Hz, 1H), 7.50 (t, J = 10 Hz, 1H), 7.86 (d, J = 13 Hz, 1H), 8.62 (s, 1H) 

Example 146 

10 

1 -(3^mino-4,6KiifliK>rophenyl)-7-(trans-3^ ,4-dihydro-4-oxoquinoline-3-carbox- 
ylic acid: 

The title compound was obtained by the similar procedure as Example 60 except that 1-(3-amino-4,6-drfluorophe- 
15 nyl)-6,7-diftuoro-1,4-dihydro-4-oxoquinoline-3-carboxylic acid and trans-3-amino*4-methylpyrrolidine dihydrochloride 
were used. 

Properties: pale yellow powder 

mp: >1 64°C (decomposed) 

20 1 H-NMR(d 6 -DMSO)8: 

1.09 (d, J o 7 Hz, 3H), 2.28 (m, 1H), 
2.97-3.91 (m, 5H), 5.58 (brs, 2H), 

5.96 (d, J = 7 Hz, 1H), 7.05 (t, J = 8 Hz, 1H), 7.52 (t. J = 10 Hz, 1H), 7.92 (d, J = 14 Hz, 1H), 
8.66 (s, 1H) 

m 

;g j Example 147 

! 1 -(3-amino-4,6-drfluorophenyl)-6-f luoro-7-[(3S)-3-methylaminopyrrolidin-1 -yl]-1 ,4<lihydro-4-oxoquinoline-3-carbaxylic 
| acid: 

The title compound was obtained by the similar procedure as Example 60 except that 1 -(3-amino-4,6-difluorophe- 
Vh nyl)-6,7<lifluoro-1,4-dihydro-4-oxoquinoline-3-carboxy!ic acid and (3S)-3-methylaminopyrrolidine were used. 



j - !s '* : Properties: pale yellow powder 

aS^ ;mp: 188-199°C 

^H-NMR (dg-DMSO) 8: 
=,E 1.86 (brs, 1H), 2.00 (brs, 1H), 

1 2.30 (s. 3H), 3.1 1-3.66 (m, 5H), 

\'m \ 5.54 (brs, 2H), 5.95 (d, J = 7 Hz, 1 H), 

^ I 7.04 (t, J = 8 Hz, 1H), 7.50 (t, J = 11 Hz, 1H), 7.86 (d, J = 14, 1H), 8.63 (s, 1H) 

ftM Exqmple 14$ 

7-(3-aminoazetidin-1 -yl)-1 -(3-amino-4,6-difluorophenyl)-6-f luoro-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid: 

45 

The title compound was obtained by the similar procedure as Example 60 except that 1-(3-amino-4,6-difluorophe- 
nyl)-6,7-difluoro-1,4-dihydro-4-oxoquinoline-3-carboxylic acid and 3-aminoazetidine dihydrochloride were used. 

Properties: colorless powder 

so mp: >183°C (decomposed) 

1 H-NMR(d 6 -DMSO) 8: 

3.76 (brs, 2H), 3.91 (m, 1 H), 4.24 (brs, 2H), 5.55 (brs. 2H), 5.77 (d, J = 7 Hz, 1 H), 
7.02 (t, J = 8 Hz, 1H), 7.50 (t, J = 10 Hz, 1H), 7.88 (d, J = 12 Hz, 1H), 8.64 (s, 1H) 

55 
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Example 149 

1 -(3-amino-4,6-dif luorophenyi)-7-(trans-3-amino-4-hydroxypyrrolidin-1 -yl)-6,8-dif luoro-1 ,4-dihydro-4-oxoquinoline-3- 
cartoxylic acid: 

5 

The title compound was obtained by the similar procedure as Example 60 except that 1 -(3-amino-4,6<lif)uorophe- 
nyl)-6J,8-trtfluoro*1,4-dihydro-4-oxoquinoline-3-carboxylic acid and trans-3-amino-4*hydroxypyrrolidine dihydrochlo- 
ridewere used. 

w Properties: * brown powder 

mp: >145°C (decomposed) 

1 H-NMR(d 6 -DMSO) 6: 

3.92-4.26 (m, 4H), 5.46 (brs, 2H), 

7.10(t.J = 9Hz, 1H),7.40(t,J = 11 Hz, 1H), 7.86 (d, J = 14 Hz, 1H),8.52(s, 1H) 

15 

Example 15Q 

7-(3-aminoazetidin-1 -yf)-1 -(3-amino-4,6<iHluorophenyl)-6,8-dif luoro-1 ,4<lihyclro-4-oxoquinoline-3-carboxylic acid: 

20 The title compound was obtained by the similar procedure as Example 60 except that 1-(3-amino-4,6<Jifluorophe- 
nyl)-6,7,8-trifluoro-1,4-dihydro-4-oxoquinoline-3-carboxylic acid and 3-aminoazetidine dihydrochloride were used. 

Properties: colorless powder 

mp: >203°C (decomposed) 

25 1 H-NMR(d 6 -DMSO)6: 

3.90 (m, 1 H), 4. 1 0 (m, 1 H), 4.49 (m, 2H), 

5.46 (brs. 2H), 7.08 (t, J = 9 Hz, 1 H), 

7.39 (t, J a 10 Hz, 1H), 7.81 (d, J = 13 Hz, 1H), 8.48 (s, 1H) 

30 Example 151 

1 -(3-amino-4,6-dif luorophenyl)-6,8-dif luoro-7-(3-hydroxyazetidin-1 -yl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid: 

The title compound was obtained by the similar procedure as Example 60 except that 1-(3-amino-4,6-dtfluorophe- 
35 nyl)-6,7,8-trifluoro-1 ,4-dihydro-4-oxoquinoline-3- carboxylic acid and 3-hydroxyazetkjine hydrochloride were used. 

Properties: colorless powder 

mp: 218-225°C 
1 H-NMR(d6-DMSO)S: 

40 4.13 (brs, 2H), 4.50 (brs, 3H), 5.44 (brs, 2H), 5.72 (brs, 1H), 7.08 (t. J = 8 Hz, 1H), 

7.39 (t, J = 10 Hz. 1H). 7.79 (d, J = 13 Hz, 1H), 8.46 (s, 1H) 

Example 1« 

45 7-(3-aminoazetidin-1 -yO-1 -(3-amino-4,6-dif luorophenyl)-8-chlao-6-fluoro-1 .4-dihydro-4-oxoquinoline-3-carboxyIic 
acid: 

The title compound was obtained by the similar procedure as Example 60 except that 1-(3-amino-4,6-difluorophe- 
nyl)-8-chloro-6,7-dif luoro-1, 4-dihydro-4-oxoquinoline-3-carboxylic acid and 3-aminoazetidine dihydrochloride were 
so used. 

Properties: pale yellow powder 

mp: >270°C 
1 H-NMR(d6-DMSO) 6: 
55 3.75 (m, 1H), 4.10 (m, 2H), 4.66 (m, 2H), 

5.43 (brs, 2H), 6.97 (t, J = 8 Hz, 1 H), 

7.36 (t, J = 1 1 Hz, 1 H), 7.87 (d, J a 14 Hz, 1 H), 8.44 (s, 1 H) 
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Example 153 

1 -(3-amino-4,6-dif luorophenyl)-7-[(3S)-3-aminopyrrolidin-1 -yl]-8-chloro-6-f luoro-1 ( 4-dihydro-4-oxoquinoline-3-carbaxy- 
lic acid: 

The title compound was obtained by the similar procedure as Example 60 except that 1-(3-amino-4,6-difluorophe- 
nyl)-8-chloro-6 J<lifluoro-1 t 4Kjihydro-4-oxoquinoline-3-carboxylic acid and (3S)-3-aminopyrrolidine were used. 

Properties: pale yellow powder 

mp: >205°C (decomposed) 

1 H-NMR(d 6 -DMSO)8: 

1.17 (m, 1H), 2.09 (m, 1H), 3.02-3.81 (m, 5H), 5.41 (brs, 2H), 6.97 (m, 1H), 
7.38 (t, J = 1 1 Hz, 1H), 7.94 (d, J = 14 Hz, 1H), 8.50 (s. 1H) 

Example 154 

1 -(3-amino-4,6-dif !uorophenyl)-8-chloro-6-f luoro-7-(3-hydroxyazetidin-1 -yl)-1 ,4-dirtydro-4-oxoquinoline-3-carboxylic 
acid: 

The title compound was obtained by the similar procedure as Example 60 except that 1-(3-amina4,6*difluorophe- 
nyl)-8-chloro-6,7<lrfluoro-1,4-dihydro-4-oxoquinoline-3-carboxylic acid and 3-hydroxyazetidine hydrochloride were 
used. 

Properties: pale yellow powder 

mp: 145-150°C 
1 H-NMR(d 6 -DMSO)8: 

4.18 (brs, 2H), 4.47 (brs, 1H), 4.71 (brs, 2H), 5.41 (brs, 2H), 5.71 (d, J = 5 Hz, 1H), 
6.96 (t, J = 8 Hz, 1H), 7.37 (t, J = 10 Hz, 1H), 7.88 (d, J = 14 Hz, 1H), 8.44 (s, 1H) 

Example 155 

1 -(3-amino-4,6-dif luoropheny!)-8-chIoro-6-f luoro-7-piperazino-1 ,4-dihydro-4-cxoquinoline-3-carboxylic acid: 

The title compound was obtained by the similar procedure as Example 60 except that 1*(3-amino-4.6-drfluorophe- 
ny1)-8-chioro-6,7-diftuoro-1,4-dihydro-4-oxoquinoline-3-cartX)xylic acid and piperazine were used. 

Properties: pale yellow powder 

mp: >232°C (decomposed) 

1 H-NMR(d 6 -DMSO)6: 

2.87 (brs, 4H), 3.19 (brs. 4H), 5.43 (brs, 2H), 6.97 (t, J = 8 Hz, 1H), 7.37 (t, J = 11 Hz, 1H), 
8.07 (d, J » 12 Hz, 1H), 8.54 (s, 1H) 

Example 156 

1 -(3-amino-4,6-dtf luorophenyl)-7-(3-amino-3-methylazetidin-1 -yO-8-chloro^-f luoro-1 ,4-dihydro-4-oxoquinoline-3-car- 
boxylic acid: 

The title compound was obtained by the similar procedure as Example 117 except that 1-(3-amino-4,6-drfluoroph- 
eny()-8-chloro-6, 7-drf luoro-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid and 3-amino-3-methylazetidine were used. 

Properties: yellow powder 

mp: 252-257°C 
1 H-NMR(d6-DMSO)6: 

1.35 (s, 3H) ( 4.17 (brs. 2H). 4.30 (brs, 2H), 
5.42 (brs, 2H), 6.96 (t, J = 8 Hz t 1H), 

7.36 (t. J = 10 Hz, 1H), 7.87 (d, J = 14 Hz, 1H), 8.43 (s, 1H) 



56 



EP0 787 720A1 

Sample 157 

1 -(3-amino-4,6-drf luorophenyl)-8-chloro-6-f luoro-7-(3-methylaminoazetidin-1 -yl)-1 ,4-dihydro-4-oxoquinoline-3-carbax- 
ylic acid: 

The title compound was obtained by the similar procedure as Example 117 except that 1-(3-amino-4,6-difluoroph- 
eny1)-8-chloro-6,7-dif luoro-1 ,4-dihydro-4-oxoquinoline-3-cart>oxylic acid and 3*methylaminoazetidine were used. 

Properties: pale yellow powder 

mp: 220-224°C 
1 H-NMR(d 6 -DMSO) 6: 

2.20 (s, 3H), 3.45 (brs, 1H), 4.12 (brs. 2H), 4.63 (brs, 2H), 5.42 (brs, 2H). 

6.96 (t, J = 8 Hz, 1H), 7.36 (t, J = 10 Hz, 1H), 7.86 (d, J « 14 Hz, 1H), 8.43 (s, 1H) 

Example 158 

1-(3-amino-4,6<iifluorophenyl)-8-chloro-6-fluoro^^ 
acid: 

The title compound was obtained by the similar procedure as Example 1 17 except that 1-(3-amino-4,6-difluoroph- 
enyl)-8-chloro-6,7-dif luoro-1 ,4-dihydro-4-axoquinoline-3-carboxylic acid and 2,6<iimethylpiperazine were used. 

Properties: pale yellow powder 

mp: >270°C 
1 H-NMR(d 6 -DMSO)8: 

0.96 (d, J = 6 Hz, 6H), 2.80 (m, 2H), 
2.91 (m, 2H), 3.08 (m, 2H), 5.43 (brs, 2H), 

6.97 (t, J a 8 Hz, 1H), 7.38 (t ( J = 11 Hz, 1H), 8.07 (d, J = 12 Hz, 1H), 8.56 (s, 1H) 

Example 159 

7-(3-aminoazetidin-1 -yl)-1 -(3-amino-4,6-dif luorophenyl)-6-fluoro-5-hydroxy-1 ,4<lihydro-4-oxoquinoline-3-carboxylic 
acid: 

The title compound was obtained by the similar procedure as Example 60 except that 1 -(3-amino-4,6-drf luorophe- 
nyl)-6,7^ifluoro-5-hydroxy-1,4<jihydro^-oxoquinoline-3-carboxylic acid and 3-aminoazetidine dihydrochloride were 
used. 

Properties: pale yellow powder 

mp: >262°C (decomposed) 

1 H-NMR(d6-DMSO)8: 

3.75-4.02 (m, 3H), 4.24 (brs, 2H), 
5.25 (d. J * 7 Hz, 1 H), 5.54 (brs, 2H), 

6.98 (t, J = 8 Hz, 1H), 7.49 (t. J = 10 Hz, 1H), 8.48 (s, 1H) 

Example 160 

1 -(3-amino-4,6-difluorophenyl)-7-[(3S)-3-aminopyrrolidin-1 -yf]-6-fluoro-5-hydroxy-1 ,4-dihydro-4-oxoquinoline-3-car- 
boxytic acid: 

The title compound was obtained by the similar procedure as Example 60 except that 1 -(3-amino-4,6-dif luorophe- 
nyl)-6,7<lrfluoro-5-hydroxy-1,4-dihydro^-oxoquinoline-3-carboxylic acid and (3S)-3-aminopyrrolidine were used. 

Properties: pale yellow powder 

mp: >237°C (decomposed) 

1 H-NMR (d6-DMSO)8: 

2.01 (m, 1H), 2.21 (m, 1H), 3.34-4.97 (m, 5H), 5.46 (d, J « 7 Hz, 1H), 6.98 (t, J = 8 Hz, 1H), 
7.50 (t, J = 10 Hz, 1H), 8.64 (s, 1H) 



57 



EP 0 787 720 A1 

Example 161 

7-(3-aminoazetidin-1 -yl)-1 -(3-amino-4,6-dif luorophenyl)-6-f luoro-5-methyM ,4-dihydro-4-oxoquir>oline-3-cartx>xylic 
acid: 

5 

The title compound was obtained by the similar procedure as Example 60 except that 1 -(3-amino-4,6«Jif luorophe- 
nyl)-6,7<iifluoro-5-methyl-1,4-dihydrD-4-oxc^ acid and 3-aminoazetidine dihydrochloride were 

used. 

to Properties: pate yellow powder 

mp: >270°C 
1 H-NMR(d6-DMSO)8: 

2.75 (brs, 3H), 3.90 (brs, 2H), 4.01 (brs, 1 H), 4.26 (brs, 2H), 5.55 (brs, 2H), 
5.65 (d. J = 7 Hz, 1H), 6.99 (t. J = 8 Hz, 1H), 7.49 (t, J = 11 Hz, 1H), 8.59 (S, 1H) 

15 

Example 162 

1 -(3-amino-4,6-dif luorophenyl)-7-[(3S)-3-aminopyrrolidin-1 -yi]-6-fluoro-5-methyl-1 ,4-dihydro-4-oxoquinoline-3-carbox- 
ylic acid: 

20 

The title compound was obtained by the similar procedure as Example 60 except that 1 -(3-amino-4,6-drf luorophe- 
nyl)-6,7-difluoro-5-methyl-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid and (3S)-3-aminopyrrolidine were used. 

Properties: pale brown powder 

m mp: >197°C (decomposed) 
1 H-NMR(d 6 -DMSO)6: 

!4f i 1.68 (m, 1H), 1.96 (m, 1H), 3.01-3.65 (m, 5H), 5.53 (brs. 2H), 5.81 (d. J = 7 Hz, 1H), 

P ; 6.99 (t, J = 8 Hz, 1H), 7.49 (t. J = 1 1 Hz, 1H), 8.55 (s, 1H) 

0 i Example 163 

T ■: 5-amino-1 -(3-amino-4,6-dif luorophenyl)-7-[(3S)-3-aminopyrrolidin-1 -yQ-6,8-dif luoro-1 ,4-dihydro-4-oxoquinoline-3-car- 
£ : boxyiic acid: 

; ss : The title compound was obtained by the similar procedure as Example 60 except that 5-amino-1 -(3-amino-4,6-dif - 
j!;3 ; luorophenyl)^,73-trifluoro-1,4Kiihydro-4-oxoquinoline-3^i1X)xylic acid and (3S)-3-aminopyrrolidine were used. 

!| s l 1 Properties: pale yellow powder 

^ - mp: >247°C (decomposed) 

^j 1 H-NMR(d 6 -DMSO)8: 

N \ 1.62 (m, 1H), 1.89 (m, 1H), 3.22 (m, 1H), 

|i Jj ' 3.39-3.78 (m, 4H), 5.38 (brs, 2H), 

7.02 (t, J = 8 Hz, 1 H), 7.23 (brs, 2H), 

7.34 (t, J = 10 Hz, 1 H), 8.23 (s, 1 H) 

45 

Example 164 

5-amino-7-(3-aminoazetidin- 1 -yl)- 1 -(3-amino-4,6-dif luorophenyl)-6,8-dif luoro-1 ,4-dihydro-4-oxoquinoline-3-carbaxylic 
acid: 

50 

The title compound was obtained by the similar procedure as Example 60 except that 5-amino-1-(3-amino-4,6-dif- 
luorophenyl)-6J ( 8-trif luoro-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid and 3-aminoazetidine dihydrochloride were 
used. 

ss Properties: yellow powder 

mp: >237°C (decomposed) 

1 H-NMR(d6-DMSO)6: 

4.04 (brs, 1H), 4.28 (brs. 2H), 4.48 (brs, 2H), 5.41 (brs, 2H), 7.05 (t, J = 8 Hz, 1H), 
7.30 (m, 1H), 8.25 (s, 1H) 
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Example 165 

7-(3-aminoazetidin-1 -yf)-l -(3-amino-6-chloro-4-f luorophenyl)-6-f luoro-1 ,4-dihydro-4-oxoquinoline-3-cartx>xylic acid: 

The title compound was obtained by the simitar procedure as Example 139 except that 1 -(3-amino-6-chloro-4-fluor- 
ophenyl)-6,7-dif luoro-1 ,4-dihydro-4-oxoquinoline-3-carbcKylic acid was used. 

Properties: pale yellow powder 

mp: >208°C (decomposed) 

1 H-NMR(d 6 -DMSO)8: 

3.88-4.58 (br, 5H), 5.69 (d, J » 8 Hz, 1H), 

5.92 (brs, 2H), 7.08 (d, J = 8 Hz, 1H), 

7.59 (d, J = 10 Hz, 1H), 7.93 (d, J = 13 Hz, 1H), 8.61 (s, 1H) 

Example 166 

Synthesis by another process of ethyl 7-chloro-1-(2,4«iifluoro-5-formylaminopheny0^ 
naphthyridine-3-carboxylate: 

Ethyl 7-chloro-6-fluoro-1-(2,4-difluoro-5-nitro^ (305 mg) 

was added to 1 .5 ml of formic acid together with 400 mg of iron powder. The mixture was stirred at 80°C for 3 hours. 
The insoluble was removed by filtration through celite whereupon the filtrate was concentrated in vacua. The precipitate 
was dispersed in ethanol, collected by filtration and washed with ethanol and then with diisopropyl ether to give 295 mg 
of the title compound as a pale yellow powder. 

Reference Example 10 

N-(t4xjtOKycwtenyl)-2,4-difluoro-m-phenylenediamine: 

N-(t-butoxycarbonyl)-2,4-dif luoro-5-nrtroaniline was obtained as colorless crystals by the similar procedure as Ref- 
erence Example 8 except that t-butand was used instead of ethanol. 

This product (3.8 g) was added to 50 ml of methanol together with 360 mg of 10% palladium on carbon. Hydrogen- 
ation was carried out at room temperature for 4 days. After the catalyst was filtered off, the solvent was distilled off in 
vacua. The precipitate was dispersed in diisopropyl ether and collected by filtration to give 3.2 g of the title compound 
as pale brown crystals. 

Reference Example 11 

Ethyl 8-chloro-1 -(2-chloro-4-fluorophenyl)-6,7-dif luoro-1 1 4-dihydro-4-oxoquinoline-3-carboxylate: 

The title compound was obtained by the similar procedure as Reference Example 6 except that 2-chloro-4-fluoro- 
aniline was used. 

Properties: colorless powder 

mp: 208-21 2°C 

1 H-NMR(CDCI 3 ) 8: 

1.40 (t, J = 7 Hz, 3H), 4.40 (q. J = 7 Hz, 2H), 7.16-7.23 (m, 1H), 
7.34 (dd, J = 3 Hz, J = 8 Hz, 1H), 
7.48 (dd, J = 5Hz,J=9Hz, 1H), 
8.27 (s, 1 H), 8.35 (t. J = 9 Hz, 1 H) 

Reference Example 12 

Ethyl 8-chloro-6,7-dif luoro-1 -(4-fluorophenyl)-1 ,4-dihydro-4-oxoquinoline-3-caiboxylate: 

The title compound was obtained by the similar procedure as Reference Example 6 except that 4-f luoroaniline was 
used. 

Properties: colorless powder 



59 



EP0 787 720A1 

mp: 226-231 °C 

1 H-NMR(CDCI 3 ) 8: 

1 .39 (t, J = 7 Hz, 3H), 4.39 (q, J = 7 Hz, 2H), 7.20-7.24 (m, 2H), 7.34-7.35 (m, 2H), 
8.34 (t, J = 9 Hz, 1 H), 8.42 (s, 1 H) 

5 

Reference Example 13 

Ethyl 8-chloro-6,7-d*rfluoro-1 -(4-fluoro-2-methylphenyl)-1 ,4-dihydro-4-oxoquinoline-3-cartx>xylate: 

10 The title compound was obtained by the similar procedure as Reference Example 6 except that 2-methyl-4-fluoro- 
aniline was used. 

Properties: pale yellow powder 

mp: 180-1 82° C 

15 1 H-NMR(CDCI 3 )S: 

1.40 (t, J a 7 Hz, 3H), 2.10 (s, 3H), 

4.40 (q, J = 7 Hz, 2H), 702-7.10 (m, 2H), 7.22-7.36 (m, 1H), 8.31 (s. 1 H), 
8.37 (t, J = 9 Hz, 1H) 

20 Reference Example 14 

Ethyl 1 -(2-bromo-4-f luorophenyl)-8-chloro-6,7-dif luoro-1 ,4-dihydro-4-oxoquinoline-3-carboxylate: 

The title compound was obtained by the similar procedure as Reference Example 6 except that 2-bromo-4-f luoro- 
£g aniline was used. 

'' 'IZ Properties: pale yellow powder 

W imp: 183-188°C 
iti ; 1 H-NMR(CDCI 3 ) 8: 

$1 1.40 (t, J o 7 Hz, 3H), 4.40 (q, J = 7 Hz, 2H), 7.18-7.32 (m, 1H), 7.48-7.55 (m t 2H) 

\£ 8.27 (s f 1 H), 8.36 (t. J = 9 Hz, 1 H) 

\^p : Reference Example 15 

i Ethyl 1-(2-methoxy-4-fluorophenyl)-8-chloro-6,7-dif luoro-1 ,4-dihydro-4-oxoquinoline-3-carbaxylate: 

■S The title compound was obtained by the similar procedure as Reference Example 6 except that 2-methoxy-4-fluor- 
oaniline was used. 

Properties: colorless powder 

i.** mp: 240-246°C (decomposed) 

W 1 H-NMR(CDCI 3 ) 8: 

1.40 (t, J = 7 Hz, 3H) t 3.77 (S, 3H), 

4.39 (q. J = 7 Hz, 2H), 6.72-6.89 (m, 2H), 
45 7.31 (dd, J = 6 Hz, J = 9 Hz, 1H) 

8.30 (s, 1H), 8.34 (t, J * 10 Hz, 1H) 

Reference Example 16 

so Ethyl 8-chloro-1 -(4-chloro-2-fluorophenyl)-6,7-drf luoro-1 ,4«Jihydro-4-oxoquinolone-3-carboxylate: 

The title compound was obtained by the similar procedure as Reference Example 6 except that 4-chloro-2-f luoro- 
aniline was used. 

55 Properties: colorless powder 

mp: 159-160°C 
1 H-NMR(CDCI 3 ) 8: 

1.40 (t. J a 7 Hz, 3H), 4.39 (q, J = 7 Hz, 2H), 7.31-7.47 (m, 2H), 8.32-8.40 (m, 2H) 
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Reference Example 17 

Ethyl 8-chloro-6,7-dif luoro-1 -(2,4,6-trif luorophenyl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylate: 

The title compound was obtained by the similar procedure as Reference Example 6 except that 2,4,6-trifluoro- 
aniline was used. 

Properties: pale yellow powder 

mp: 1 35-1 49° C (decomposed) 

1 H-NMR (CDCI 3 ) 6: 

1.40 (t, J = 7 Hz,'3H), 4.40 (q, J = 7 Hz, 2H), 6.93 (t, J = 7 Hz p 1H), 8.25 (s, 1H), 
8.34 (t, J = 10 Hz, 1H) 

Reference Example 18 

8-chloro-6,7-dif luoro-1 -(2,4,6-trif luorophenyl)-1 ,4<lihydro-4-axoquinoline-3-carboxyiic acid: 

Ethyl 8-chloro-6,7<iif luoro-1 -(2,4,6-trif luorophenyl)-1,4-dihydro-4K)xoquinoline-3-carboxylate (1.2 g) was added to 
5 ml of cone, hydrochloric acid and 1 mi of acetic acid. The solution was heated at reflux for 3 hours. The reaction solu- 
tion was allowed to cool down whereupon the precipitated solid was collected by filtration and washed with ethanol and 
diethyl ether to give 750 mg of the title compound. 

Properties: pale red powder 

mp: >158°C (decomposed) 

1 H-NMR(d 6 -DMSO)5: 

7.60-7.72 (m, 2H), 8.41 (t, J = 9 Hz, 1 H), 9.01 (s, 1 H) 

Example 167 

1 -(3-amino-4,6-dif luorophenyl)-7-(trans-3-amino-2-methylazetidin- 1 -yl)-8-chloro-6-fluoro-1,4-dihydro-4-oxoquinoline- 
3-carboxylic acid: 

The title compound was obtained by the similar procedure as Example 117 except that 1-(3-amino-4,6-drfluoroph- 
enyl)-8-chIoro-6jKiifluoro-1,4-dihydro-4-oxoquinoline-3-carboxylic acid and trans-3-amino-2-methyla2etidine were 
used. 

Properties: brown powder 

mp: >21 1 °C (decomposed) 

1 H-NMR(d 6 -DMSO)6: 

1.38 (brs, 3H), 3.73-3.90 (m, 1H), 

4.69- 4.82 (m, 1H), 4.82-4.97 (m, 1H), 
5.32-5.48 (m, 1H), 5.49 (s, 1H), 

6.70- 7.59 (m, 2H), 7.94 (d, J « 14 Hz, 1H), 8.48 (s, 1H) 

Example 168 

1 -(3-amino-4,6-drf luorophenyl)-7-(4-methylpiperazin-1 -yl)-8-chloro-6-f luoro-1 ,4-dihydro-4-oxoquinoline-3-carboxylic 
acid: 

The title compound was obtained by the similar procedure as Example 117 except that 1 -(3-amino-4,6-dif luoroph- 
enyl)-8-chloro-6,7-drf luoro-1 ,4-dihydro-4-oocoquinoline-3-carboxylic acid and 4-methylpiperazine were used. 

Properties: yellow powder 

mp: 198-205°C (decomposed) 

1 H-NMR(d6-DMSO)5: 

2.54 (s, 3H), 2.81 (brs, 4H), 3.42 (brs, 4H), 7.01 (t, J = 7 Hz, 1 H), 7.40 (t, J = 1 1 Hz, 1 H), 8.15 
(d. J = 12 Hz, 1H),8.62 (s, 1H) 
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Example 169 

1 -(3-amino-4,6-dif luorophenyl)-7-[(3S,4R)-3-amino-4-methylpyrrolidin-1 -yl]-8-chloro-6-f luoro-1 ,4-dihydro4-oxoquino- 
line-3-carboxylic acid: 

5 

The title compound was obtained by the similar procedure as Example 117 except that 1-(3-amino-4,6-drfluoroph- 
enyf)-8-chloro-6,7-dif luoro-1 ( 4-dihydro-4-oxoquinoIine-3-carboxylic acid and (3S,4R)-3-amino-4-methylpyrrolidine were 
used. 

10 Properties: yellow powder 

mp: 1 70-1 79°C (decomposed) 

1 H-NMR(d 6 -DMSO)8: 

0.95-1.11 (m, 3H), 1.88-2.09 (m, 1H), 

2.60-3.72 (m, 5H), 5.38 (s, 1H), 5.46 (s, 1H), 6.82-7.52 (m, 2H), 7.96 (d, J = 14 Hz, 1H), 8.40 
15 (brs, 1H) 

Example 170 

1 -(3-amino-4,6-difluorophenyl)-7-[(3R)-3-aminopyrrolidin-1 -yl]-8-chloro-6-fluoro-1 ,4-dihydro-4-axoquinoline-3-carboxy- 
20 lie acid: 

The title compound was obtained by the similar procedure as Example 1 17 except that 1-(3-amino-4,6<lifluoroph- 
enyl)-8-chloro-6jKlifluoro-1,4-dihydro-4-oxoquinoline-3-carboxylic acid and (3R)-3-aminopyrrolidine were used. 

J& Properties: brown powder 

mp: 1 69-1 79°C (decomposed) 

1 H-NMR(d6-DMSO)6: 

1.52-1 .80 (m, 1H), 1 .84-2.07 (m, 1H), 

2.71-3.82 (m, 5H), 5.40 (brs, 2H), 6.93 (m, 1H), 7.36 (t, J = 10 Hz, 1 H), 7.88 (d, J = 14 Hz, 1 H), 
8.40 (S.1H) 

§: Example 171 



1 -(3-amino-4,6-difluoropheny0-7-(3-amihoazetidin-1 -yf)-8-chloro-6-f luoro-1 .4-dihydro-4-oxoquinoline-3-carboxylic 

[&> : acid p-toluenesutfonic acid salt: 

T ; To 0.5 ml of N,N-dimethyHbrmamide was added 440 mg of 1-(3-amino-4,6-difluorophenyl)-7-(3-aminoazetidin-1- 

^ ; yl)-8-chloro-6-f luoro-1, 4-dihydro-4-oxoquinoline-3-carboxyIic acid and then 191 mg of p-toluenesuHonic acid monohy- 

;fl drate. The solution was stirred at room temperature. Diethyl ether was added to the reaction solution and the superna- 

■40 \ tant was removed. Ethanol was added to the residue whereupon the solid was collected by filtration and washed with 

7: ! diethyl ether to give 340 mg of the title compound. 

Properties: yellow powder 

mp: 21 1 -220°C (decomposed) 

45 1 H-NMR(dg-DMSO)6: 

2.28 (s, 3H), 4.04 (brs, 1 H), 4.42 (brs. 2H), 4.76 (brs, 2H), 6.99 (t, J = 8 Hz, 1 H), 

7.1 1 (d, J = 7 Hz, 2H), 7.37 (t, J » 1 1 Hz. 1 H), 7.48 (d, J = 8 Hz, 2H), 7.94 (d, J = 15 Hz, 1H), 

8.33 (brs, 3H) ( 8.44 (s, 1H) 

so Example 172 

1 -(3-amino-4,6-dif luorophenyl)-7-(3-aminoazetidin-1 -yI)-8-chloro-6-f luoro-1 ,4-dihydro-4-oxoquinoline-3-carboxylic 
acid methanesutfonic acid salt: 

55 The title compound was obtained by the similar procedure as Example 171 except that methanesutfonic acid was 
used. 

Properties: pale yellow powder 

mp: 180-190°C (decomposed) 
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1 H-NMR(d 6 -DMSO) 8: 

2.35 (s. 3H), 4.04 (brs, 1H), 4.43 (brs, 2H), 
4.75 (brs. 2H), 6.99 (t, J = 8 Hz, 1 H), 

7.37 (t, J a 1 1 Hz, 1H), 7.95 (d, J « 14 Hz, 1H), 8.36 (brs, 3H) ( 8.48 (S, 1H) 

Example 173 

Ethyl 8-chloro-6,7-dif luoro-1 -(2-chloro-4-f luoro-5-nitrophenyl)-1 .4-dihydro-4-oxoquinoline-3-carboxylate: 

The title compound was obtained by the similar procedure as Example 97 except that ethyl 8-chloro-6,7-dif luoro-1 - 
(2K;hIoro^4luorophenyl)-1,4-dihydro-4-oxoquinoline-3-carboxy1ate was used. 

Properties: brown powder 

mp: 1 97-201 °C 

1 H-NMR(d 6 -DMSO)6: 

1 .27 (t, J = 7 Hz, 3H), 4.25 (q, J * 7 Hz, 2H), 8.23-8.32 (m, 2H), 8.55 (S. 1H), 
8.94 (d, J = 7 Hz, 1H) 

Example 174 

1 -(3-amino-6-chloro-4-f luorophenyl)-8-chloro-6,7-drfluoro-1 ,4-dihydro-4-oxoquinoline-3-cartx)xylic acid: 

To 5 ml of formic acid were added 1.5 g of ethyl 8-chloro-6,7-dif luoro-1 -(2-chloro-4-fluoro-5-nitrophenyl)-1 f 4-dihy- 
dro-4-oxoquinoline-3-carboxytate and 2 g of iron. The solution was heated and stirred at 60°C for 2 hours. The insoluble 
was removed by filtration through celrte and washed with formic acid and chloroform. The filtrate was concentrated in 
vacua Ethanol was added to the residue whereupon the solid was collected by filtration and washed with diethyl ether. 
To the solid were added 4 ml of cone, hydrochloric acid and 4 ml of acetic acid. The solution was heated at reflux for 1 
hour and allowed to cool down. The precipitated was collected by filtration and washed with ethanol and diethyl ether 
to give 970 mg of the title compound. 

Properties: pale yellow powder 

mp: 237-242°C 
1 H-NMR(d 6 -DMSO) 8: 

7.12 (d, J = 8 Hz, 1H), 7.50 (d, J o 12 Hz, 1H), 8.41 (t, J = 9 Hz, 1H), 8.60 (s, 1H) 

Example 175 

7-(3-aminoazetidin-1 -yl)-1 -(3-amino-6-chloro-4-dif luorophenyl)-8-chloro-6-fluoro-1 ,4<lihydro-4-oxoquinoline-3-carbox- 
ylic acid: 

The title compound was obtained by the similar procedure as Example 1 1 7 except that 8-chloro-6,7-dif luoro-1 -(3- 
amino-6-chloro-4-fluorophenyl)-1,4<lihydro-4-oxcxquinoline-3-carboxylic acid was used. 

Properties: colorless powder 

mp: >265°C (decomposed) 

1 H-NMR(d 6 -DMSO) 8: 

3.70 (brs, 1H), 4.06 (brs, 2H), 4.67 (brs, 2H), 5.76 (s. 2H) ( 6.99 (d, J = 8 Hz, 1H), 
7.46 (d, J = 1 1 Hz, 1H), 7.88 (d, J = 14 Hz, 1H), 8.48 (s, 1H) 

Example 176 

1 -(3-amino-6-chloro-4f luorophertyl)-7-[(3S)-3-aminopyrrolidin-1 -yl]-8-chloro-64luoro-1 ,4-dihydro-4-axoquinoline-3-car- 
boxylic acid: 

The title compound was obtained by the similar procedure as Example 1 1 7 except that 8-chloro-6,7-dif luoro-1 -(3- 
amino-6-chloro-4-fluorophenyf)-1 ,4-dihydro-4-oxo quinoline-3-carboxylic acid and (3S)-3-aminopyrrolidine were used. 

Properties: pale yellow powder 

mp: >1 95°C (decomposed) 
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1 H-NMR(d 6 -DMSO)S: 

1.52-1.74 (m, 1H), 1.91-2.15(m, 1H), 
2.71-3.80 (m, 5H), 5.75 (brs. 2H) ( 

6.99 (t. J = 8 Hz, 1H), 7.46 (t, J = 11 Hz, 1H), 7.92 (d, J = 14 Hz, 1H), 8.35 (s, 1H) 

Example 177 

Ethyl 8-chloro-6,7-dif luoro-1 -(4-lluoro-5-nitrophenyl)-1 ,4-dihydro^-oxoquinoline-3-carboxylate: 

The title compound was obtained by the similar procedure as Example 97 except that ethyl 8-chloro-6,7-dif luoro-1 - 
(4-fluorophenyi)-1 ,4-dihydro-4-oxoquinoline-3-carboxylate was used. 

Properties: colorless powder 

mp: 249-256°C 
1 H-NMR(d6-DMSO)6: 

1.26 (t, J = 7 Hz, 3H), 4.23 (q. J = 7 Hz, 2H), 7.84 (t, J = 10 Hz, 1H), 8.14-8.19 (m, 1H), 8.23 
(t. J = 9 Hz, 1H), 8.50 (s, 1H), 
8.65-8.68 (m,1H) 

Example 178 

8-chloro-6,7-dif luoro-1 -(3-amino-4-f luorophenyl)-! ,4-dihydro-4-oxoquinoline-3-carboxylic acid: 

The title compound was obtained by the similar procedure as Example 174 except that ethyl 8-chloro-5,6,7-trif- 
luoro-1-(4-fiuoro-5-nitrophenyl)-1 ,4<lihydro-4-oxoquinoline-3-carboxylate was used. 

Properties: colorless powder 

mp: 238-243°C 
^-NMR (de-DMSO) 8: 

6.74-6.89 (m, 1H), 6.95-7.07 (m, 1H), 

7.21 (t, J = 8 Hz, 1H), 8.40 (t, J = 9 Hz, 1H), 8.56 (s, 1H) 

Exqmplp 179 

7-(3-aminoazetidin-1 -yl)-1 -(3-amino-4-difluorophenyI)-8-chloro-6-f luoro-1 ,4-dihydro-4-oxoquinoline-3-caiboxylic acid: 

The title compound was obtained by the similar procedure as Example 1 1 7 except that 8-chloro-6,7-dif luoro-1 -(3- 
amino-4-fluorophenyI)-1,4-dihydro-4-oxoquinoline-3-carboxylic acid was used. 

Properties: yellow powder 

mp: 236-246°C (decomposed) 

1 H-NMR(d 6 -DMSO)6: 

3.77 (brs, 1H), 4.12 (brs, 2H), 4.66 (brs, 2H), 5.58 (s, 2H), 6.60-6.72 (m t 1H), 
6.87 (d, J = 8 Hz, 1 H), 7.16 (t, J = 10 Hz, 1 H), 7.87 (d, J = 14 Hz, 1 H), 8.39 (S. 1 H) 

Example 18Q 

Ethyl 8-chloro-6,7-drf luoro-1 -(4-f luoro-2-methyl-5-nitrophenyl)-1 ,4<Hhydro-4-oxoquinoline-3-carboxylate: 

The title compound was obtained by the similar procedure as Example 97 except that ethyl 8-chloro-6,7-dif luoro-1 - 
(2-methyl-4-f luorophenyl)- 1 ,4-dihydro-4-oxoquinoline-3-cartx)xylate was used. 

Properties: red powder 

mp: 187-191°C 
1 H-NMR(CDCl3) 8: 

1.40 (t, J = 7 Hz, 3H), 2.25 (s, 3H), 

4.20 (q, J o 7 Hz, 2H), 7.36 (d, J « 1 1 Hz, 1 H), 8.1 1 (d. J = 7 Hz, 1 H), 8.26 (s, 1 H), 
8.38 (t, J = 9 Hz, 1H) 
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Example 181 

8-chloro-6,7-difluoro-1 -(3-amino-4-f luoro-6-methylphenyl)-1 ,4-dihydro-4-oxoquinoline-3-cartx>xylic acid: 

5 The title compound was obtained by the similar procedure as Example 1 74 except that ethyl 8-chloro-6,7^dif luoro- 
1-{4-fluoro-2-methyl-5-nrtrophenyO-1,4Kjto^ was used. 

Properties: colorless powder 

mp: 225-230°C 
10 1 H-NMR(d 6 -DMSO)8: 

1.89 (s, 3H), 7.00 (d, J =8 Hz, 1H), 

7.16 (d. J = 12 Hz, 1H), 8.42 (t. J = 9 Hz, 1H), 8.51 (s, 1H) 

Example 188 

15 

1-(3-amino^-fluoro-6-methylpheny0-7-(3-ami^ 
lie acid: 

The title compound was obtained by the similar procedure as Example 117 except that 8-chloro-6,7«Jif luoro-1 -(3- 
20 amino-4-f luoro-6-methylpheny!)-1 ,4-dihydro-4-oxoquinoJine-3-carboxylic acid was used. 



Properties: brown powder 

mp: >251 °C (decomposed) 

1 H-NMR(d 6 -DMSO)6: 

25 1 .88 (s, 3H), 3.71 (brs, 1 H), 4.06 (brs. 2H), 4.65 (brs, 2H) t 5.38 (s, 2H), 



6.79 (d, J = 7 Hz, 1H), 7.06 (d, J = 11 Hz, 1H), 7.91 (d, J = 13 Hz, 1H), 8.29 (s, 1H) 

Example 183 

30 Ethyl 1 -(2-bromo-4-f luoro-5-nitrophenyi)-8-chloro-6,7-dif luoro-1 ,4-dihydro-4-oxoquinoline-3-carboxyIate: 

The title compound was obtained by the similar procedure as Example 97 except that ethyl 1 -(2-bromo-4-f luoroph- 
enyl)-8-chloro-6,7-dif luoro-1 ,4-dihydro-4-axoquinoline-3-carboxylate was used. 

[35 Properties: brown powder 

mp: 205-214°C 
1 H-NMR(d 6 -DMSO)8: 

1.27 (t, J = 7 Hz, 3H), 4.25 (q, J = 7 Hz, 2H), 8.27 (t, J « 9 Hz, 1H), 8.41 (d, J = 11 Hz, 1H), 
8.53 (s, 1 H), 8.91 (d, J = 8 Hz, 1 H) 

40 

Example 184 

8-chloro-6, 7-dif luoro-1 -(3-amino-6-bromo-44 luorophenyl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid: 

45 The title compound was obtained by the similar procedure as Example 1 1 7 except that ethyl 1 -(2-bromo-4-f luoro- 
5-nitrophenyl)-8-chloro-6,7-diffluoro-1 ,4-dihydro-4-axoquinoline-3-carboxylate was used. 

Properties: pale yellow powder 

mp: 231-239°C 
so 1 H-NMR(d 6 -DMSO)5: 

7.1 4 (d, J o 9 Hz, 1 H), 7.58 (d, J = 1 1 Hz, 1 H), 8.43 (t, J = 9 Hz, 1 H), 8.58 (s, 1 H) 

Example 185 

55 7-(3-aminoazetidin-1 -yl)-1 -(3-amino-6"bromo-4-fluorophertyl)-8'Chloro-6-f luoro-1 ,4-dihydro-4-oxoquinoline-3-carboxy- 
lic acid: 

The title compound was obtained by the similar procedure as Example 1 1 7 except that 8-chloro-6,7-dif luoro-1 -(3- 
amino-6-bromo-4-fluoi^henyl)-1,4-dihydr^ acid was used. 
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Properties: pate yellow powder 

mp: >200°C (decomposed) 

1 H-NMR(d 6 -DMSO)8: 

3.89 (brs t 1H), 4.27 (brc, 2H), 4.71 (brs, 2H), 5.81 (s. 2H), 7.03 (d, J = 8 Hz. 1H) t 
s 7.55 (d, J » 1 1 Hz, 1H), 7.93 (d, J * 14 Hz, 1H), 8.33 (s, 1H) 

Example 186 

Ethyl 1 -(2-methoxy-4-f luoro-5-nrtrophenyl)-8-chloro-6,7-dif luoro-1 ,4-dihydro-4-oxoquinoline-3-carboxylate: 

w 

The title compound was obtained by the similar procedure as Example 97 except that ethyl 1-(2-methaxy-4-fluor 
opheny1)-8^loro-6,7Kfflluoro-1,4^hydro^^ was used. 

Properties: pale yellow powder 

15 mp: 220-225°C 
1 H-NMR(CDCI 3 ) 6: 

1 .40 (t, J = 7 Hz, 3H), 3.92 (s. 3H), 

4.40 (q. J = 7 Hz, 2H), 6.94 (d, J = 12 Hz, 1H), 8.21-8.30 (m, 1H), 8.26 (s, 1H), 
8.34 (t, J = 9 Hz, 1H) 

20 

Sample 187 

8-chloro-6,7-dif luoro-1 -(3-amino-6-methoxy-4-f luorophenyl)-1 ,4-dihydro-4-axoquinoline-3-carboxylic acid: 

M [ The title compound was obtained by the similar procedure as Example 1 74 except that ethyl 1 -(2-methaxy-4-f luoro 
;J ; 5-nitropheny0-8-chlao-6,7<lifluor^^ 

;3; Properties: pale yellow powder 

:fl mp: 143-151°C 
1 H-NMR(d 6 -DMSO)6: 

3.70 (s, 3H), 7.19-7.37 (m, 2H), 
8.40 (t, J = 9 Hz, 1 H), 8.56 (s. 1 H) 

: Example 188 

C ; 1 -(3-amino-6-methoxy-4-fluorophenyl)-7-(3-aminoazetidin-1 -yl)-8-chloro-6-f luoro- 1 ,4«iihydro-4-axoquinoline-3-car- 
boxylicacid: 

^ | The title compound was obtained by the similar procedure as Example 1 1 7 except that 8-chloro-6,7-dif luoro-1 -(3 
# ■■ amino-6-methoxy-4-f luorophenyl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid was used. 

Properties: pale yellow powder 

mp: >244°C (decomposed) 

1 H-NMR(d 6 -DMSO)6: 

45 3.68 (brs, 4H), 4.05 (brs, 2H), 4.65 (brs, 2H), 5.01 (s, 2H) ( 6.87 (brs, 1H), 

7.09 (d, J = 12 Hz, 1H), 7.86 (d. J = 14 Hz, 1H), 8.29 (S, 1H) 

Example 189 

so Ethyl 1 -(3-benzyloxycartx>nylamino-4,6-dif luorophenyl)-8-chloro-6,7-dif luoro-5-nitro-1 ,4<lihydro-4-oxoquinoline-3-car- 
boxylate: 

The title compound was obtained by the similar procedure as Example 102 except that ethyl 3-chloro-2,4,5-trif 
luoro-6-nitrobenzoylacetate was used. 

55 

Properties: brown powder 

mp: 233-241 °C 

1 H-NMR(d6-DMSO)S: 

1 .38 (t, J = 7 Hz, 3H), 4.38 (q, J = 7 Hz, 2H), 5.21 (s, 2H), 7.01 -7.15 (m, 2H), 7.40 (s, 5H), 8.32- 
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8.40 (m, 1H),8.36(S, 1H) 

Example 190 

5-amino-1 -(3-amino-4 t 6-dif luorophenyl)-8-chloro-6,7-drf luoro-1 ,4^ihydro-4-axoquinoline-3-caitooxylic acid: 

The title compound was obtained by the similar procedure as Example 174 except that ethyl 1-(3-benzyloxy-cart>- 
onylamino-4,6-dif luorophenyl)-8-chloro-€,7<iif luoro-5-nitro-1 ,4-dihydro-4-oxoquinoline-3-car1x»cylate was used. 

Properties: yellow powder 

mp: >270°C 
1 H-NMR(d6-DMSO)8: 

7.02 (t, J = 8 Hz, 1H), 7.39 (t, J = 10 Hz, 1H), 8.46 (s. 1H) 

Example 191 

5-amino-1 -(3-amino-4,6-dHluorophenyi)-7-(3-aminoazetidin-1 -yl)-8-chloro-6-f luoro-1 ,4-dihydro-4-oxoquinoline-3-car- 
boxylic acid: 

The title compound was obtained by the similar procedure as Example 1 1 7 except that 5-amino-1 -(3-amino-4,6<fif- 
luorophenyj)-8-chloro-6, 7-dif luoro-1 ,4-dihydro-4*oxoquinoline-3-carboxyiic acid was used. 

Properties: brown powder 

mp: >229°C (decomposed) 

1 H-NMR(d 6 -DMSO)8: 

3.98 (brs, 1 H), 4.38 (brs, 2H), 4.67 (brs, 2H), 5.39 (s. 2H), 6.90 (t, J = 8 Hz, 1 H), 
7.34 (t. J = 1 1 Hz, 1H), 8.29 (s, 1H) 

Example 198 

Ethyl 1 -(3-benzyloxycarbonylamino-4,5 ( 6-trif luorophenyl)-8-chloro-6,7-dtfluoro-1 ,4-dihydro-4-oxoquinoline-3-carboxy- 
late: 

The title compound was obtained by the similar procedure as Example 102 except that ethyl 3<hloro-2,4,5-trrf!uor- 
obenzoylacetate and N-benzylQxycartx>nyl-4,5,6-trifluoro-m-phenylenediamine were used. 

1 H-NMR(d 6 -DMSO) 8: 

1 .42 (t, J = 7 Hz, 3H), 4.40 (q. J = 7 Hz, 2H), 5.21 (s, 2H), 7.05 (brs, 1 H), 7.39 (s, 5H), 
8.19 (brs, 1H), 8.31 (s, 1H), 
8.34(t,J=8Hz, 1H) 

Example 193 

1 -(3-amino-4,5,6-trifluorophenyl)-8-chloro-6,7-dif luoro-1 ,4<Jihydro-4-axoquinoline-3-carboxylic acid: 

The title compound was obtained by the similar procedure as Example 103 except that ethyl 1-(3-benzyloxycartx)- 
nylamino-4,5,6-trifluorophenyl)-8-chloro-6,7-dif luoro-1 ,4-dihydro-4-oxoquinoline-3-carboxylate was used. 

Properties: colorless powder 

mp: 232-238°C 
1 H-NMR (dg-DMSO) 6: 

6.88 (dd,Jn S 4Hz l Jo9Hz,1H), 
8.40 (t, J = 9 Hz, 1H), 8.79 (s,1H) 
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Example 194 

7-(3^aminoazetidin-1 -yl)-1 -(3-amino-4,5,6-trif luorophenyl)-8-chloro-6-f luoro-1 ,4-dihydro-4-oxoquinoline-3-cartx)xylic 
acid: 

5 

The title compound was obtained by the similar procedure as Example 117 except that 1-(3-amino-4,5,6-trtfluor- 
ophenyl)-8-chloro-6,7-difluoro-1 ( 4-dihydro-4-oxoquinoline-3-cart>oxylic acid was used. 

Properties: pale yellow powder 

10 mp: >224°C (decomposed) 

1 H-NMR(d 6 -DMSO)5: 

3.73 (brs, 1H), 4.08 (brs, 2H), 4.68 (brs. 2H), 5.78 (s, 2H), 6.78 (t, J = 6 Hz, 1H), 
7.87 (d. J n 14 Hz, 1H), 8.55 (s. 1H) 

" Example 195 

Ethyl 1 -(3-tert-butylaxycarbonylamino-4,6-dif luorophenyl)-8-bromo-6,7-dif luao-1 ,4-dihydro-4-oxoquinoline-3-carboxy- 
late: 

20 The title compound was obtained by the similar procedure as Example 1 02 except that ethyl 3-bromo-2,4,5-trif luor- 
obenzoylacetate and N-(t-butoxycarbony1)-2,4<Jifluoro-m-pheny)enediamine of Reference Example 10 were used. 

1 H-NMR(CDC1 3 ) 6: 

1 .40 (t, J = 7 Hz, 3H), 1 .54 (s, 9H), 
^ 4.40 (q, J = 7 Hz, 2H), 6.81 (brs. 1 H), 

7.07 (t, J = 10 Hz, 1 H), 8.25-8.48 (m, 2H), 8.38 (s, 1 H) 

Example 196 



1-(3^mino-4,6<Jifluorophenyl)-8-bronro-6 t 7^ acid: 

■■■ ; ;=f i The title compound was obtained by the similar procedure as Example 1 03 except that ethyl 1 -(3-tert-butyl-oxycar- 
j£W tK)nylamincM* t 6<lifluoropherty^ used. 

555 ; Properties: yellow powder 

r P mp: 228-232°C 
1 H-NMR(d 6 -DMSO)6: 

|!^ I 7.05 (t, J = 8 Hz, 1H), 7.43 (t. J = 11 Hz, 1H), 8.43 (t. J = 9 Hz, 1H), 8.69 (s. 1H) 

M ; Example 197 

7-(3-aminoazetidin-1-yl-1-(3-amino-4,6-difluorophenyl)-8-bromo-6-fluoro-1 ,4-dihydro-4-oxoquinoline-3-cart)oxylic acid: 

The title compound was obtained by the similar procedure as Example 117 except that 1-(3-amino-4,6-difluoroph- 
45 enyl) -8-bromo-6, 7-dtf luoro- 1 ,4-dihydro-4-oxoquinoline-3-carboxyiic acid was used. 

Properties: pale yellow powder 

mp: >206°C (decomposed) 

1 H-NMR(de-DMSO)6: 

so 3.76 (brs, 1H), 4.07 (brs, 2H) ( 4.68 (brs. 2H), 5.41 (s, 2H), 6.92 (t, J = 8 Hz, 1H), 

7.38 (t, J = 11 Hz, 1H), 7.90 (d, J « 14 Hz, 1H), 8.46 (s. 1H) 

Exapipie 199 

55 Ethyl H3-(N4-butoxycartx>nyl-N-me%^ 
carboxylic acid: 

Ethyl 3-ethoxy-2-(3 , -chloro-2' ( 4 , ,5 , -trifluorobenzoyl)acrylate prepared from 1.40 g of ethyl 3-chloro-2,4,5-trifluor- 
obenzoylacetate by a conventional process was dissolved in 10 ml of chloroform. To the chloroform solution, N-(t-butox- 
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ycarbonyl)-4,6-difluoro-m-phenylenedianriine was added white the end of reaction was tracked by TLC. The reaction 
solution was concentrated in vacua. To the residue were added 1 .4 g of anhydrous potassium carbonate and 6 ml of 
N.N-dimethyiformamide. The mixture was stirred at 90°C for 10 minutes. The solution was allowed to cod down, further 
combined with 1 .4 g of anhydrous potassium carbonate and 5.0 g of methyl iodide, and stirred at 60°C for 2 hours. To 
5 the solution, 50 ml of chloroform and 500 ml of distilled water were added for separation. The chloroform layer was 
washed twice with 500 ml of distilled water, dried over anhydrous magnesium sulfate and concentrated in vacua. To the 
residue was added 3 ml of ethanol. The solution was allowed to stand. The precipitate was collected by filtration and 
washed with ethanol and then diisopropyl ether to give 1.38 grams of the title compound. 

10 Properties: pale yellow powder 

mp: 192-194°C 
1 H-NMR(CDCI 3 ) 8: 

1.43 (t,J = 7Hz, 3H),1.44 (s, 9H), 
3.22 (s. 3H), 4.41 (q, J = 7 Hz, 2H), 
15 7.10 (t. J = 9 Hz, 1H), 7.38 (t, J = 8 Hz, 1H), 8.34 (dd, J = 8 Hz, 10 Hz, 1H), 8.58 (s. 1H) 

Example 199 

1 -(3-methytamino-4,6-dif luorophenyl)-8-chloro-6,7-drfluoro-4-oxo-1 ,4-dihydroquinoline-3-carboxylic acid: 

20 

To 4 ml of a mixture of 4N hydrochloric acid and acetic acid (1/1 vol/vol) was added 1.26 g of ethyl 1-[3-(N-t-butox- 
ycarbonyl-N-methylamino)-4,6<lifluor^^ The 
solution was stirred and heated at reflux for 1 .5 hours. After 5 ml of distilled water was added, the reaction solution was 
allowed to cool down. The precipitate was collected by filtration and washed with ethanol and then diisopropyl ether to 
„ 25 give 890 mg of the title compound. 

pale yellow powder 
217-220°C 

2.67 (d, J = 5 Hz, 3H), 5.95 (brs, 1H), 
7.06 (t, J =8 Hz, 1H), 
7.45 (dd, J o 10 Hz, 12 Hz, 1H), 
8.41 (dd, J = 9 Hz, 10 Hz, 1H), 8.72 (s. 1H) 

■ 35 Example 200 

3 J= 7-(3-aminoazetidinyl)-1-(3-methy^ 
;?7 \ acid: 

r;M^ To 650 mg of N t N-dimethyrformamide were added 150 mg of 1-(3-methylamino-4 t 6-difluorophenyl)-8-chloro-6,7- 
; drfluoro-4K>xo-1,4-dihydroquinoline-3-carboxylic acid, 110 mg of 3-aminoazetidine dihydrochloride, and 250 mg of N- 
| l e tj ; methylpyrrolidine. The solution was stirred at 90°C for 1 hour. After 0.5 ml of ethanol was added, the reaction solution 

was allowed to cool down. The precipitate was collected by filtration and washed with ethanol and then diisopropyl ether 

to give 130 mg of the title compound. 

45 

Properties: colorless powder 

mp: 209-212°C 
1 H-NMR(d 6 -DMSO)8: 

2.68 (d, J = 5 Hz, 3H), 3.69 (m, 1 H), 

so 4.02 (m, 2H), 4.65 (m, 2H), 5.89 (brs, 1 H), 

6.96 (t, J = 8 Hz, 1H), 7.40 (t, J * 10 Hz, 1H), 7.88 (d, J = 14 Hz, 1H), 8.48 (s, 1H) 

Example 201 

ss Ethyl 1 -(3-amino-4,6-drfluorophenyl)-6,7-dif luoro-8-methoxy-1 ,4-dihydro-4-oxoquinoline-3-carboxylate: 

To 4.1 g of ethyl 2 I 4,5-trifluoro-3-methoxybenzoylacetate were added 8.6 ml of acetic anhydride and 3.2 ml of trie- 
thyl ortho-formate. After the solution was heated at reflux for 2 hours, the solvent was distilled off. Toluene was added 
to the residue, followed by azeotropic distillation. To the residue was added 10 ml of chloroform. A solution of 1.81 g of 



IW \ Properties: 

i! s 'jj : mp: 

\q\ 1 H-NMR(d 6 -DMSO)5: 
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N-benzyloxycartX)nyl-2 p 4-diflLJoro-m-phenylenediamine in 10 ml of chloroform was added dropwise to the solution at 
0°C and stirred at room temperature for 3 days. The reaction solution was distilled of the solvent and passed through a 
silica gel column chromatograph (eluting solvent, ethyl acetate/hexane = 1/8) for purification to give 2.4 g of an oily prod- 
uct. To a solution of 580 mg of the oily product in 4 ml of N,N-dimethytformamide was added 138 mg of potassium car- 
5 bonate. The solution was stirred at 1 00°C for 25 minutes. The reaction solution was poured into ice water, to which ice 
water and ethyl acetate were added. The organic layer was separated, washed with water, dried over magnesium sul- 
fate, and distilled of the solvent. The residue was passed through a silica gel column chromatograph (eluting solvent, 
chloroform/methanof = 10/1). The thus obtained solid was collected by filtration and washed with diethyl ether to give 
250 mg of the title compound. 

10 

Properties: pale yellow powder 

mp: 159-162°C 
1 H-NMR(CDCl3) 8: 

1 .39 (t, J = 7 Hz, 3H), 3.57 (s, 3H). 
15 4.37 (q, J = 7 Hz, 2H), 6.84 (t, J = 8 Hz, 1 H), 7.00 (t, J = 9 Hz, 1 H), 8.08 (t, J = 9 Hz, 1 H), 8.26 (s, 

1H) 

Example ?Q2 

20 1-(3-amino-4,6-difluorophenyl)-6 ( 7'drfluoro-8-methoxy-1 .4-dihydro-4-oxoquinoline-3-carboxylic acid: 

The title compound was obtained by the similar procedure as Example 103 except that ethyl 1 -(3-amino-4,6-difluor- 
ophenyl)-6,7-dif luoro-8-methcxy-1 ,4-dihydro-4-Qxoquinoline-3-carboxylate was used. 

2Sj Properties: colorless powder 

: S ; mp: >277°C (decomposed) 

^i 1 H-NMR(d 6 -DMSO) 6: 

^ i 3.12 (s. 3H), 6.71 (t, J = 9 Hz. 1H), 

P ; 7.00 (t, J = 10 Hz, 1H), 7.73 (t, J = 9 Hz, 1H), 8.20 (s, 1H) 

\ e p Example 2Q3 

i^S 7-(3-aminoazetidin-1 -yl)-1 -(3-amino-4,6-difluorophenyl)-6-fluoro-8-methQxy-1 ,4-dihydro-4-oxoquinoline-3-carboxylic 
i acid: 

3 t- I 

i W In 4 ml of diethyl ether was suspended 1 70 mg of 1-(3-amino-4,6<lifluorophenyl)-6.7-difluoro-8-methcxy-1 ,4-dihy- 
; :p dro-4-oxoquinoline-3-carboxylic acid. With ice cooling, 9 ml of boron trifluoride diethyl ether complex was added to the 

suspension, which was stirred at room temperature for 1.5 hours. Diethyl ether was added to the reaction solution 
>sj whereupon the precipitated solid was collected by filtration and washed with ethanol and then diethyl ether to give a 

pale yellow powder. 

i/f! ] While a solution of 70 mg of 3-aminoazetidine dihydrochloride and 0.1 7 ml of triethylamine in 1 ml of dimethylsul- 
j foxide was stirred at 70°C, 100 mg of the above-obtained compound was added. Stirring was continued at the temper- 
ature for 2 hours. Diethyl ether was added to the reaction solution, followed by decantation. To the residue were added 
5 ml of 80% methanol and 5 ml of triethylamine. The mixture was ref luxed overnight. Ethanol was added to the reaction 
45 solution whereupon the solid was collected by filtration to give 34 mg of the title compound as a yellowish brown powder. 

Properties: yellow powder 

mp: >290°C 
1 H-NMR(d 6 -DMSO)5: 
so 3.1 1 (s. 3H), 3.74-3.89 (m, 2H), 

3.90-4.02 (m, 1H), 4.38-4.48 (m, 2H), 

5.36 (brs, 2H), 7.14 (t J = 9 Hz, 1H), 

7.30 (t, J a 10 Hz, 1H), 7.76 (d, J = 12 Hz, 1H), 8.39 (s, 1H) 

55 Exflmplp 2Q4 

8-chloro-6,7-dif luoro-1 -(2,4,6-trifluoro-3-nitrophenyl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid: 

The title compound was obtained by the similar procedure as Example 9 except that 8-chloro-6,7-drf luoro-1 -(2,4,6- 
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trifluorophenyl)-1,4^ihydro-4^oquinoline-3-caitx)xylic acid was used. 

Properties: pale yellow powder 

mp: 157-159°C 
5 1 H-NMR(d6-DMSO)6: 

8.16 (t, J = 11 Hz, 1H), 8.40 (t, J = 9 Hz, 1H), 9.06 (s. 1H) 

Example 3Q5 

70 Ethyl 8<hloro-6,7-drfluoro-1-(2,4,6-trifluoro-3-nltrophenyl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylate: 

To 830 mg of 8-chloro-6,7-dif luoro-1 -(2 A6-trifluoro-3-nHr^ acid 
was added 2 ml of thionyl chloride. The solution was stirred at 80°C overnight. With ice cooling, 4 ml of ethanol was 
slowly added dropwise to the reaction solution. The reaction solution was distilled of the solvent whereipon the precip- 
75 itated solid was collected by filtration to give 31 0 mg of the title compound. 

Properties: pale yellow powder 

mp: 167-169°C 
1 H-NMR(CDCI 3 ) 8: 

20 1.41 (t, J = 7 Hz, 3H), 4.41 (q, J = 7 Hz, 2H), 7.19 (t, J = 9 Hz, 1H), 8.22 (s, 1H), 

8.35 (t, J = 9 Hz, 1H) 

Example 2Q6 

i. g & Ethyl 8-chloro-6,7-dif luoro-1 -(2 ( 4,6-trifluoro-3-formylaminophenyl)-1 ,4<iihydro-4-axoquinoline-3-cart>axylate: 

\m ; The title compound was obtained by the similar procedure as Example 166 except that ethyl 8-chloro-6,7-difluoro- 
\ 1-(2 A6-trifluoro-3-nitrophenyl)-1 t 4-dihydro-4- oxoquinoline-3-carboxylate was used. 

juP 30 Properties: pale brown powder 
\:p mp: 197-199°C 

Example 2Q7 



IL? 5 1-(3-amino-2,4,6-trifluoropheny0-8^ 

. «p ] The title compound was obtained by the similar procedure as Example 1 9 except that ethyl 8-chtoro-6 ( 7-d'rfluoro-1 - 
i j=£ ; (2,4,6-trif luoro-3-formylaminophenyl)-1 ,4-dihydro-4-oxoquinoline-3-carboxy1ate was used. 

,:~40 Properties: pale yellow powder 

1 H-NMR(d 6 -DMSO)6: 
W 5.57 (brs. 2H), 7.42 (t, J = 1 1 Hz, 1 H), 

8.40 (t, J =9 Hz, 1H), 8.91 (s,1H) 

45 E xam pl e 2Q 8 

7-(3-aminoazetidin-1 -yl)-1 -(3-amino-2 ( 4,6-trifluorophenyl)-8-chloro-6-f luoro-1 ,4^ihydrt)-4Kwcxjuinoline-3<arbQxylic 
acid: 

so The title compound was obtained by the similar procedure as Example 117 except that 1-(3-amino-2,4,6-trifluor- 
ophenyl)-8-chloro-6,7-dif luoro-1 ,4-dihydro-4-oxoquinoline-3-carboxylate was used. 

Properties: pale brown powder 

mp: >290°C 
55 1 H-NMR(d6-DMSO)S: 

3.77-3.86 (m, 1H), 4.15-4.27 (m, 2H), 
4.64-4.75 (m, 1H), 5.52 (brs. 2H), 
7.38 (t, J = 10 Hz, 1H), 
7.91 (d, J = 13 Hz, 1H),8.66(s, 1H) 
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Example 209 

Ethyl 1 -(3*enzytoxycarbonylamino^,6Kj*rfluorophenyl)-6-chloro-7,8-dif luoro-1 ,4-dihydro-4-oxoquinoline-3-carboxy- 
late: 

5 

The title compound was obtained by the similar procedure as Example 102 except that ethyl 5-chioro-2,3,4-trrfluor- 
obenzoylacetate and 3-benzyloxycarbonyl-2,4-dif luoro-m-phenylenediamine were used. 

Properties: pale yellow powder 

jo mp: 204-205°C 
1 H-NMR(CDCI 3 ) 6: 

1.39 (t. J = 7 Hz, 3H), 4.38 (q, J = 7 Hz, 2H), 7.02 (brs, 1H), 7.11 (t, J = 10 Hz, 1H), 
7.39 (s, 5H), 8.28 (s, 1H), 8.35-8.50 (m, 2H) 

is Example 210 

1 -(3-amino-4,6-difluorophenyl)-6-chJoro-7,8-dif luoro-1 ,4-dihydro-4-oxoquinoline-3-carboxyiic acid: 

The title compound was obtained by the similar procedure as Example 103 except that ethyl 1 -(3-benzylaxycarbo- 
20 nylamino-4,6-dif luoropheny1)-6-chloro-7,8-drfluoro-1 ,4-dihydro-4-oxoquinoline-3-carboxylate was used. 

Properties: colorless powder 

mp: 276-278°C 
1 H-NMR(d 6 -DMSO)6: 

ffi 7.15(t, J = 9Hz t 1H),7.45(t. J « 11 Hz, 1H), 8.38 (d, J s 8 Hz, 1H),873(s, 1H) 

Example 211 

1 -(3-amino-4 t 6-drf luorophenyl)-7-[(3S)-3-aminopyrrolidin-1 -yl]-6-chloro-8-f luoro-1 ,4-dihydro-4-Qxoquinoline-3-carboxy- 
i3?= lie acid: 

;.h The title compound was obtained by the similar procedure as Example 60 except that 1 -(3-amino-4,6-drf luorophe- 
! : .=S \ nyl)-6-chioro-7,8-dif luoro-1, 4-dihydro-4-axoquinoline-3-carboxylic acid was used. 



35__ : Properties: pale yellow powder 

M mp: >240°C (decomposed) 

; =K 1 H-NMR (d 6 -DMSO)8: 

: 1.51-1.68 (m, 1H), 1.88-2.04 (m, 1H), 

=f f= ; 5.44 (brs. 2H), 7.09 (t, J = 8 Hz, 1 H), 

%A 7.39(t, J = 11 Hz, 1H), 

8.05(s, 1H), 8.48 (s. 1H) 

Example 212 

45 7-(3-aminoazetidin-1 -yl)-1 -(3-amino-4,6-difluorophenyl)-6-chloro-8-f luoro-1 ,4-dihydro-4-oxoquinoline-3-carboxylic 
acid: 

The title compound was obtained by the similar procedure as Example 60 except that 1 -(3-amino-4 f 6-dtf luorophe- 
nyl)-6-chloro-7,8-drf luoro-1, 4-dihydro-4-oxoquinoline-3-carboxylic acid and 3-aminoazetidine dihydrochloride were 
so used. 

Properties: pale yellow powder 

mp: 190-193°C 
1 H-NMR(d6-DMSO)6: 
55 3.65-3.77 (m, 1 H), 3.97-4.10 (m, 2H), 

4.52-4.68 (m, 2H), 5.44 (brs, 2H), 

7.07 (t, J b 8 Hz, 1 H), 7.38 (t, J = 1 1 Hz, 1 H), 7.96 (S, 1 H), 8.45 (S, 1 H) 
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Example 21 3 

Ethyl 8-chloro-1 -(4-chloro-2-f luoro-5-nitrophenyl)-6,7-difluoro-1 ,4<iihydro^-Gxoquinolone-3<arboxylate: 

5 The title compound was obtained by the similar procedure as Example 97 except that ethyl 8-chloro-1 -(4-chloro-2- 
fluorophenyl)-6 ,7-cfrfluoro-1 l 4-dihydro-4-oxoquinolone-3-carboxylate was used. 

Properties: colorless powder 

mp: 206-208°C 
w 1 H-NMR(CDCI 3 )6: 

1.40 (t J = 7 Hz, 3H), 4.40 (q, J = 7 Hz, 2H), 7.57 (d, J »9Hz, 1H), 8.16 (d, J = 7 Hz, 1H), 8.30 (s. 
1H),8.34(t, J = 10 Hz, 1H) 



15 



20 



Example 21 4 

Ethyl 8-chloro-1 -(4-chloro-6-f luoro-3-fbrmylaminopheny0-6,7-drfluoro-1 ( 4-dihydro-4-oxoquirx)lone-3-carboxylate: 

The title compound was obtained by the similar procedure as Example 166 except that ethyl 8-chloro-1-(4-chloro- 
2-f luoro-5-nitrophenyl)-6,7-dif luoro-1 ,4-dihydro-4-oxoquinolone-3-carboxylate was used. 

Properties: pale brown powder 
mp: 241-244°C 

Example 215 

1 -(3-amino-4-chloro-6-fluorophenyl)-8-chloro-6,7-dif luoro-1 ,4-dihydro-4-oxoquinolone-3-carboxylic acid: 

The title compound was obtained by the similar procedure as Example 19 except that ethyl 8-chloro-1 -(4-chloro-6- 
f luoro-3-formylaminophenyl)-6,7-drf luoro-1 ,4-dihydro-4-oxoquinolone-3-carboxylate was used. 

Properties: pale yellow powder 

mp: 255-258°C 
1 H-NMR(d 6 -DMSO)5: 

7.08 (d. J = 7 Hz, 1H), 7.55 (d. J = 10 Hz, 1H), 8.40 (t. J = 9 Hz, 1 H), 8.70 (s. 1H) 

Example 21 g 

7-(3-aminoazetidin-1 -yl)-1 -(3-amino-4-chloro-6-fluorophenyl)-8-chloro-6-f luoro-1 ,4-dihydro-4-oxoquinolone-3-carboxy- 
lie acid: 

Ts ; The title compound was obtained by the similar procedure as Example 60 except that 1 -(3-amino-4-chloro-6-f luor- 
ophenyl)-8-chloro-6,7-dif luoro-1 ,4<Jihydro-4-oxoquinolone-3-carboxylic acid and 3-aminoazetidine dihydrochloride 
were used. 

45 Properties: pale yellow powder 

mp: >290°C 
1 H-NMR(d6-DMSO) 8: 

3.66-3.79 (m, 1H), 4.00-4.15 (m, 2H), 
4.60-4.74 (m, 2H), 5.61 (brs, 2H), 
so 7.00 (d, J = 10 Hz, 1H), 7.50 (d, J = 10 Hz, 1H), 7.87 (d, J = 14 Hz, 1H) 

Example 217 

Ethyl 1 -(3-t-butoxycarbonylamino-4-f luoro-2-methoxyphenyl)-6,7-dif luoro-1 .4-dihydro-4-oxoquinolone-3-carboxylate: 



^30 



,zJ5 



55 



The title compound was obtained by the similar procedure as Example 1 02 except that ethyl 3-chioro-2,4,5-trif luor- 
obenzoylacetate and 3-t-butoxycarbonylamino-4-f luoro-2-methoxyaniline were used. 

Properties: pale yellow powder 
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mp: 184-189°C 
1 H-NMR(CDCI 3 ) 8: 

1.39 (t, J = 7 Hz, 3H) P 3.64 (s, 3H), 

4.39 (q, J = 7 Hz, 2H). 6.05 (brs. 1H), 7.06 (t J = 8 Hz, 1H), 7.21-7.29 (m, 1H), 8.31-8.40 (m. 2H) 

5 

Example 218 

1 -(3-amino-4-f luoro-2-methoxyphenyl)-6,7-dif luoro-1 ,4-dihydro-4-oxoquinolone-3-cart»xylic acid: 

10 The title compound was obtained by the similar procedure as Example 103 except that ethyl 1-(3-t-butoxycarbo- 
nylamino-4-ftuoro-2-methoxyphenyt)-6,7-drf luoro-1 ,4-dihydro-4-oxoquinolone-3-carbaxylate was used. 

Properties: pale yellow powder 

mp: 203-21 5°C (decomposed) 

is 1 H-NMR(d 6 -DMSO)5: 

3.43 (s, 3H), 6.78-6.90 (m, 1H), 

7.08 (t, J = 8 Hz, 1 H), 8.42 (t, J = 7 Hz, 1 H), 8.61 (S, 1 H) 

Example 819 

20 

7-(3*minoazetidin-1 -yl)-1 -(3-amino-4-f luoro-2-methoxyphenyl)-6-f luoro-1 ,4^dihydro-4-oxoquinolone-3-carbQxylic acid: 

The title compound was obtained by the similar procedure as Example 1 1 7 except that 1 -(3-amino-4-f luoro-2-meth- 
oxyphenyl)-6,7-difluoro-1,4-dihydro-4-Qxoquinolone^^fboxylic acid, 3-aminoazetidine dihydrochloride, and N-meth- 
ylpyrrolidine were used. 

j ^ \ Properties: colorless powder 

i !;£ m P : >l 79°C (decomposed) 

; 1 H-NMR(d 6 -DMSO)5: 

siol 1 3.42 (s. 3H), 3.96-4.13 (m, 2H), 

. .<£ 4.55-4.72 (m. 2H), 5.40 (brs, 2H), 

\§ 6.71-6.83 (m, 1H), 7.03 (t, J = 7 Hz, 1H), 7.88 (d, J « 14 Hz, 1H), 8.39 (s, 1H) 
: : " Example 220 

M Ethyl 6,7,8-trichloro-1 -(3-benzylaxycarbonylamino-4,6<lifluorophenyl)-1 ,4Klihydro-4-oxoquinolone-3-carboxylate: 

{U& \ The title compound was obtained by the similar procedure as Example 102 except that ethyl 2,3,4,5-tetrachlo- 
|r|i robenzoylacetate and 3-benzyloxycarbonyl-2,4-difluoro-m-phenylenediamine were used. 

: : ^ Properties: pale yellow powder 

Nfnp: 128-129°C 
1 H-NMR(CDCI 3 ) 8: 

1.40 (t, J = 7 Hz, 3H), 4.40 (q. J = 7 Hz, 2H), 7.03-7.14 (m, 2H), 7.40 (6, 5H), 
45 8.27 (s, 1H},8.60(S, 1H) 

Example 221 

1 -(3-amino-4,6-difIuorophenyl)-6,7,8-trichloro-1 t 4-dihydro-4-oxoquino!one-3-carboxylic acid: 

50 

The title compound was obtained by the similar procedure as Example 103 except that ethyl 6,7,8-trichloro-1-(3- 
benzylQxycarbonylamino-4 t 6-difluorophenyl)-1 ,4-dihydro-4-oxoquinolone-3-carboxy1ate was used. 

Properties: colorless powder 

55 mp: 251-252°C 
1 H-NMR(d 6 -DMSO) 8: 

7.01 (t. J = 8 Hz, 1 H), 7.41 (t. J = 10 Hz, 1 H), 8.52 (s. 1 H). 8.66 (s, 1 H) 
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Example 222 

Ethyl 1 -(3-arnino-4,6-dtf luorophenyl)-6,7-dif luoro-8-methyl-1 ,4<lihydro^-Qxoquinoline-3-carboxylate: 

5 The title compound was obtained by the similar procedure as Example 201 except that ethyl 2,4,5-trif luoro-3-meth- 
ylbenzoylacetate was used. 

Properties: pale yellow powder 

mp: 221-223°C 
io 1 H-NMR(CDa 3 )8: 

1.38 (t,Jo7 Hz, 3H), 1.85 (s, 3H), 
3.98 (brs, 2H), 4.37 (q, J = 7 Hz, 2H), 

6.81 (t, J = 8 Hz, 1H), 7.02 (t, J = 10 Hz. 1H), 8.19 (t, J « 10 Hz, 1H), 8.32 (s, 1H) 

is Example 223 

1-(3-amino-4,6-drfluorophenyl)-6 ( 7-difluoro-^ acid: 

The title compound was obtained by the similar procedure as Example 1 03 except that ethyl 1 -(3-amino-4 ( 6<M luor- 
20 ophenyl)-6,7-drf luoro-8-methyl-1 ,4-dihydro-4-oxoquinoline-3-carbaxylate was used. 

Properties: pale yellow powder 

mp: 264-267°C 
1 H-NMR(d 6 -DMSO)5: 

m 25 1 .86 (d. J = 3 Hz, 1H), 7.12 (t, J = 8 Hz, 1H), 7.47 (t, J = 1 1 Hz, 1 H), 8.25 (t, J = 9 Hz, 1H), 8.69 

gj (S.1H) 

IJjjjf i Example 234 

I Cfs 30 1 -(3-amino-4,6-difluoro)-7-(3-aminomethyl-3-hydrQxyazetidin-1 -yl)-8-chloro-6-f luoro-1 ,4-dihydro-4-axoquinoline-3-car- 
Jr boxylicacid: 

^ \ The title compound was obtained by the simitar procedure as Example 1 1 7 except that 1 -(3-amino-4,6-drf luoro)-8- 
chloro-ej-difluoro-l^-dihyd^-oxoquinoline-S-carboxylic acid, 3-aminomethyl-3-hydroxyazetidine dihydrochloride, 
as and triethylamine were used. 



; Properties: pale yellow powder 

iislsJ nip: >209°C (decomposed) 

1 H-NMR(d 6 -DMSO)8: 

2.83 (brs, 2H), 4.21 (brs, 2H), 4.52 (brs, 2H), 5.42 (brs, 2H), 6.90-7.10 (m, 1H), 7.36 (t, 1H), 
I!-! \ 7.85 (d, J = 14.5 Hz, 1 H), 8.39 (s. 1 H) 



Example 225 

45 1 -(3-amino-4,6-drf luoro)-7-(3-aminomethylazetidin-1 -yl)-8-chloro-6-f luoro-1 ,4-dihydro-4-axoquinoline-3-carboxylic 
acid: 

The title compound was obtained by the similar procedure as Example 1 1 7 except that 1 -(3-amino-4,6-difluoro)-8- 
chloro-6,7-difluoro-1 l 4-dihydro-4-oxoquinoline-3-carboxylic acid, 3-aminomethylazetidine dihydrochloride, and triethyl- 
so amine were used. 

Properties: pale yellow powder 

mp: >217°C (decomposed) 

1 H-NMR (dg-DMSO+d-TFA) 8: 

55 2.89 (brs, 1 H), 3.1 1 (brs. 2H), 4.29 (brs, 2H), 4.58 (brs, 2H) ( 6.90-7.05 (m, 1 H), 7.36 

(t. 1H), 7.90 (d, J s 13 Hz, 1H), 8.46 (S. 1H) 
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Example 226 

1 -(3-amino-4,6-dif luoro)-8-chloro-7-(3-dimethylaminoazetidin-1 -yl)-6-f luoro-1 ,4-dihydro-4-axoquinoline-3-carboxylic 
acid: 

5 

The title compound was obtained by the similar procedure as Example 1 1 7 except that 1 -(3-amino-4,6-dffluoro)-8- 
chloro-6,7Hjrfluoro-1,4-dihydro-4-oxoquinoline-3-carboxylic acid, 3-dimethylaminoazetidine dihydrochloride, and tri- 
ethylamine were used. 

10 Properties: yellow powder 

mp: >256°C (decomposed) 

1 H-NMR(d6-DMSO)8: 

2.07 (s, 6H), 3.03 (brs, 1 H), 4.23 (brs, 2H), 4.54 (brs, 2H), 5.41 (brs. 2H), 

6.98 (t, J = 8 Hz, 1 H), 7.37 (t, J = 1 1 Hz, 1 H), 7.87 (d, J = 13 Hz, 1 H), 8.45 (s. 1 H) 



15 
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Example 227 

1 -(3-amino-4,6-dif luoro)-7-(3-aminomethylpyrrolidin-1 -yl)-8-chloro-6-f luoro-1 ,4-dihydro-4-oxoquinoline-3-carboxylic 
acid: 

The title compound was obtained by the similar procedure as Example 1 1 7 except that 1 -(3-amino-4,6-dif luoro)-8- 
chloro-6,7-djfluoro-1 P 4-dihydro-4-oxoquinoline-3-cart)oxylic acid, 3-aminomethylpyrrolidine dihydrochloride, and tri- 
ethylamine were used. 



Properties: yellow powder 

mp: 1 83.0-1 85.5°C 

1 H-NMR(d6-DMSO)5: 

1.50-1.80 (br, 1H), 1.85-2.10 (br, 1H), 2.35-2.60 (m, 1H), 2.80 (brs, 2H), 
3.00-3.65 (m, 4H), 5.45 (brs, 2H), 
& 6.90-7.05 (m, 1H), 7.35 (t. 1H), 

: # 7.96d(d. J = 12 Hz, 1H), 8.55 (s f 1H) 

Example 228 

Sfc { 1 -(3-amino-4,6-difluoro)-8-chloro-7-(3-hydroxycart>onylazetidin-1 -yl)-6-fluoro-1 ,4-dihydro-4-oxoquinoline-3-carboxylic 
l := 2 acid: 

jl 5 ^ \ The title compound was obtained by the similar procedure as Example 1 1 7 except that 1 -(3-amino-4,6-drf luoro)-8- 
;[fl • chloro-6,7-drf luoro-1 ,4<lihydro-4-oxoquinoline-3-carboxylic acid, azetkJine-3-carboxylic acid hydrochloride, and triethyl- 
!fh amine were used. 



i Properties: pale yellow powder 

mp: 227.0-231. 0°C 

1 H-NMR(d 6 -DMSO)6: 
45 3.25-3.60 (m, 1 H), 4.50 (brs, 2H), 

4.66 (brs, 2H), 5.42 (brs, 2H), 

6.96 (t, J = 8 Hz, 1 H), 7.37 (t, J = 10 Hz, 1 H), 7.89 (d, J = 13.7 Hz, 1 H), 8.46 (s. 1H) 



50 



Example 229 

7-(3-acetylaminoazetidin-1-yl)-1 -(3-amino-4,6-dif luoro)-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-cait>oxylic acid: 



The title compound was obtained by the similar procedure as Example 1 1 7 except that 1 -(3-amino-4,6-difluoro)-7- 
chloro-6-f luoro-1 ,4-dihydro-4-oxo-1,8-naphthyridine-3-cartx)xylic acid, 3-acetylaminoazetidine hydrochloride, and tri- 
55 ethytamine were used. 

Properties: pale brown powder 

mp: 289.0-295.0°C 
^-NMRtdg-DMSOJS: 



76 



EPO 787 720 A1 



1.81 (s, 3H), 3.60-4.90 (m, 5H), 5.35 (brs, 2H), 6.94 ft 1H), 7.35 ft J a 10 Hz, 1H), 
8.06 (d, J o 10 Hz, 1H), 8.54 (brs, 1H), 
8.69 (s, 1H) 

5 Example 230 

1-(3-amino-4,6-difluoro)-7-((1 R,4R)-2,5-diazabicyclo[2.2.1]heptan-2-yl)-6-fluoro-1 ,4«iihydro-4-axo-1 ,8-naphthyridine- 
3-carbaxytic acid: 

10 The title compound was obtained by the similar procedure as Example 1 1 7 except that 1 -(3-amino-4,6-drf luoro)-7- 
chloro-6-fluoroO t 4Klihydro^-oxo-1,8-naphthyridine-3-carbc»cylic acid, (1R,4R)-2,5-diazabicyclo[2.2.1]heptane dihy- 
drochloride, and triethylamine were used. 

Properties: pale yellow powder 

is mp: >284°C (decomposed) 

1 H-NMR (d 6 -DMSOKl-TFA) 8: 

1.90 (d, J = 11 Hz, 1H), 2.1 1 (d, J = 1 1 Hz, 1 H), 3.15-3.90 (m, 5H), 4.45 (S, 1H), 
5.20-6.10 (br,2H), 6.98 (t, 1H), 

7.36 ft J = 10 Hz, 1H), 8.18 (d, J a 12 Hz, 1 H), 8.76 (s. 1H). 9.15-9.30 (br, 2H) 

20 

Example 231 

1-(3-amino-4,6^'rfluoro)-8-chloro-7-(37-di^^ 
lie acid hydrochloride: 

!3 ; In 3 ml of acetonitrile were dissolved 100 mg of l^-amino^.e-difluoroJ-S-chloro-ej-difiuoro-l^-dihydro^-oxo- 

;£ ! quinoline-3-carboxylic acid, 104 mg of 3-t-butoxycarbonyl-3,7-diazabicyclo[3.3.0]octane, and 150 mg of triethylamine. 
;j? | The solution was stirred at 80°C for 3 hours. The solvent was distilled off in vacua. The residue was extracted with 30 
^ ] ml of chloroform. The organic layer was washed with 20 ml of 3% citric acid aqueous solution, dried, and then distilled. 
~Jl iso The residue was dissolved in 20 ml of dichloromethane, combined with 5 ml of 4N hydrochloric acid/dioxane. and stirred 
: jE at room temperature for 2 hours. The solvent was distilled off in vacua. The residue was solidified with isopropyl ether 
.g and collected by filtration to give 1 20 mg of the title compound as a pale yellow powder. 

Properties: pale yellow powder 

L 35 nip: 199.5-204.0°C 
1 H-NMR(d 6 -DMSO)5: 

2.85-3.10 (m, 4H), 3.30-3.70 (m, 6H), 

7.02 ft J = 8 Hz, 1H), 7.41 ft J o 10 Hz, 1H), 8.08 (d, J = 12.5 Hz, 1H), 8.59 (s, 1H), 
9.13 (brs, 1H), 9.26 (brs, 1H) 

Example 232 



1-(3-amino-4,6-dtfluoro)-7-(3,7-diazab^ 
lie acid hydrochloride: 

45 

The title compound was obtained by the similar procedure as Example 231 except that 1-(3-amino-4,6-difluoro)-7- 
chloro-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carbaxylic acid and 3-t-butoxycarbonyl-3.7-diazabicy- 
clo[3.3.0]octane were used. 

so Properties: pale yellow powder 

mp: 203.0-208.0°C 
1 H-NMR(d 6 -DMSO)5: 

3.06 (brs, 4H), 3.36 (brs, 2H), 3.40-3.90 (m, 4H), 7.12 (t. 1H), 7.42 ft J = 11 z, 1 H), 
8.09 (d, J = 13 Hz, 1H), 8.72 (s, 1H), 
ss 9.46 (brs. 2H) 
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Example 233 

1 -(3-amino-4,6-difluoro)-7-(3 ,7-diazabicyclo[3.3.0]octan-3-yl)-6-f luoro-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid 
hydrochloride: 

5 

The title compound was obtained by the similar procedure as Example 231 except that 1-(3-amino-4,6-drfluoro)- 
6,7-dif luoro-1 ,4-dihydro-4-axoquinoline-3-carbaxylic acid and 3-t-butoxycarbonyl-3,7<liazabicyclo[3.3.0Joctane were 
used. 

10 Properties: yellow powder 

mp: 221-224.5°C 
1 H-NMR(d 6 -DMSO)5: 

2.95-3.20 (m, 4H), 3.25-3.65 (m, 6H), 
6.06 (d. 1H) ( 7.12 (t, 1H), 7.53 (t. 1H), 
15 7.91 (d, J = 14 Hz, 1 H), 8.67 (s, 1 H), 

9.30-9.70 (br, 2H) 

Example 234 

20 1 -(3-amino-4,6-dif luoro)-7-(3-aminoethylazetidin-1 -yl)-8-chloro-6-f luoro-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid 
trrfluoroacetic acid salt: 

Reaction was carried out as in Example 231 except that 1-(3-amino-4,6KJiffluoro)-8-chloro-6.7-dif luoro-1, 4-dihydro- 
4-oxoquinoline-3-carbQxylic acid, 3-t-butoxycarbonylaminoethyla2etidine, and triethylamine were used. Fa deprotec- 
26^ tion, trrfluoroacetic acid was used rather than 4N hydrochloric add/dioxane to give the title compound. 

yellow powder 
140.0-141.5°C 

1.80-1.95 (m, 2H), 2.60-2.85 (m, 3H), 
4.14 (brs ( 2H), 4.57 (brs,2H), 
6.95 (dd, J = 7Hz,J = 9Hz, 1H), 
7.36 (t, J = 1 1 Hz, 1H), 7.70 (brs, 3H), 
8.87 (d, J = 13.5 Hz, 1H), 8.45 (s, 1H) 

35^ ■ 

i ^f Example 235 

; «& 5-benzyloxy-1-(3-benzyloxycarbonylamino-4,6-drfluoro)-6,7,8-trrf luoro-1, 4Kiihydro-4-oxoquinoline-3-carboxylic acid 
iff! ethyl ester: 

*H \ 

f ^ , A mixture of 1 .1 1 grams of ethyl 6-benzyloxy-2,3,4,5-tetrafluorobenzoylacetate, 0.75 ml of ethyl ortho-formate, and 
0.85 ml of acetic anhydride was stirred at 130°C for 1 hour. Distillation in vacua left a residue, to which 10 ml of dichlo- 
romethane was added. To the solution was added 0.8 g of N-benzyloxycarbonyl-2,4-drfluo-m-phenylenediamine. The 
solution was stirred at room temperature for 2 hours. The solvent was distilled off in vacua. The residue was dissolved 

45 in 3 ml of N, N-dimethylformamide. The solution was combined with 0.41 g of potassium carbonate and stirred at 1 00°C 
for 10 minutes. To the reaction solution was added 50 ml of 5% citric acid. It was extracted with 50 ml of chloroform. The 
organic layer was washed with a saturated sodium chloride aqueous solution, and dried over magnesium sulfate. Dis- 
tillation in vacua left a residue which was passed through a column chromatograph (silica gel, chloroform/ethyl acetate 
= 20/1 ). There was obtained 1 .4 g of the title compound as a red oily mass. 

so 

Properties: red oily mass 

1 H-NMR(CDCI 3 ) 6: 

1.37 (t, J = 7 Hz, 3H), 4.38 (t. J - 7 Hz, 2H), 5.21 (s. 1H), 5.26 (s. 1H), 7.01 (s, 1H), 
7.08 (t. J o 10 Hz, 1H), 7.25-7.55 (brs. 8H), 7.55-7.65 (m, 2H), 8.14 (s, 1H), 8.40 (brs. 1H) 



s ,™ i Properties: 
J i£ \ "13: 

;W 1 H-NMR(d 6 -DMSO)6: 

■ : s5i 
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Example m 

1 -(3-amino-4,6-drf luoro)-5-hydroxy-6,7,8-trrf luoro-1 ,4-dihydro-4-oxoquinoline-3-cart>oxylic acid: 

To 8 ml of acetic acid and 1 0 ml of 6N hydrochloric acid was added 1 .3 g of the compound synthesized in Exarrple 
235. The solution was stirred at 100°C fa 4 hours. The solvent was distilled off in vacua. Water was added to the resi- 
due. The solid was collected by filtration and washed with water, ethanol, and isopropyl ether to give 0.55 g of the title 
compound as a yellow solid. 

Properties: yellow powder 

mp: >278.0°C (decomposed) 

1 H-NMR(d 6 -DMSO)8: 

5.47 (brs, 2H), 7.08 (dd, J = 8 Hz, J = 9 Hz, 1H), 7.41 (dd, J = 10 Hz, J * 1 1 Hz, 1H) ( 8.59 (s, 
1H) 

Example 237 

1 -(3-amino-4,6-drf luoro)-7-(3-aminoazetidin-1 -yi)-6,8-dif luoro-5-hydroxy-1 ,4<iihydro-4-Qxoquinoline-3-carboxylic acid: 

The title compound was obtained by the similar procedure as Example 117 except that 1-(3-amino-4,6<lifluoro)-5- 
hydroxy-6J,8-trifluoro-1 l 4<Jihydro-4-oxoquinoline-3^rboxylrc acid, 3-aminoazetidine dihydrochloride, and triethyl- 
amine were used. 

Properties: yellow powder 

mp: >261°C (decomposed) 

1 H-NMR (ds-DMSO+d-TFA) 8: 

3.93 (brs, 1 H), 4.14 (brs, 2H). 4.48 (brs, 2H), 5.43 (brs, 2H), 7.04 (t, 1 H), 
7.36 (t, J = 10 Hz, 1 H), 8.36 (S. 1 H) 

TesM 

Antibacterial action: 

A minimum growth-inhibition concentration (MIC: pg/ml) was measured according to the standard method of the 
Japanese Chemotherapy Society (CHEMOTHERAPY, 29 (1), 76, 1981). The results are shown in Table 1 . 



Table 1 



Compound 


S. aureus 209P 


P. aeruginosa IF03445 


Compound of Example 48 


0.025 


0.1 


Compound of Example 56 


0.025 


0.1 


Compound of Example 60 


0.013 


0.1 


Compound of Example 1 1 7 


0.05 


0.1 


Compound of Example 150 


0.025 


0.2 


Compound of Example 152 


<0.013 


0.05 


Compound of Example 156 


<0.013 


0.1 


Compound of Example 157 


<0.013 


0.1 


Compound of Example 160 


0.025 


0.2 


Compound of Example 162 


0.013 


0.2 


tosufloxacin 


0.05 


0.39 
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Test 2 

Cytotoxicity test: 

5 Each well of a 96 well tissue culture plate was incubated with Hela S3 cells and IMR 32 cells (5x1 0 3 cells/well and 
4x10 4 cells/well, respectively) suspended in an Eagle's MEM medium having 10% bovine fetal serum and 0.1 mM non- 
essential amino acid added thereto. Agents were added in different concentrations. The cells were cultured at 37°C for 
6 hours in the presence of 5% C0 2 , and at the end of cutturing, the medium was fixed with 5% glutarakJehyde and 
stained with 0.05% methylene blue. The staining dye was extracted with 0.3N HCI. An absorbency was measured at a 

w wavelength of 650 nm to calculate an IC50 value. The results are shown in Table 2. 



Table 2 



Compound 


HeLa cells 


IMR 32 cells 


Compound of Example 48 


39.0 


38.4 


Compound of Example 117 


36.8 


>50.0 


Compound of Example 160 


>25.0 


>25.0 


tosufloxacin 


7.7 


9.6 



>m \ Test 3 

jrjg \ Phototoxicity test: 

!;S ; After a compound to be tested (40 mg/kg/1 0 ml) was intravenously administered to a female ICR mouse (5-6 weeks 
\W old), ultraviolet radiation (320 to 400 nm, 1.8 mW/cnrf/sec.) was irradiated for 4 hours. The ears were observed for 
; : r abnormality after 24 and 48 hours, provided that the end of irradiation is 0 hour. Ear abnormality was rated point 0 for 
i ! =M J no abnormality, point 1 for light erythema, point 2 for medium erythema, and point 3 for heavy erythema or edema. The 
;ffl results are shown in Table 3. 



r= S Table 3 



: J 7 " : 


Compound 


Rating, frequency 


; 




0 hour 


24 hours 


48 hours 


M[ 


Compound of Example 48 


0, 0/3 


0.0/3 


0.0/3 




Compound of Example 1 17 


0,0/3 


0,0/3 


0.0/3 




Compound of Example 150 


0,0/3 


0,0/3 


0,0/3 


45 


Compound of Example 152 


0, 0/3 


0, 0/3 


0,0/3 




Compound of Example 160 


0,0/3 


0,0/3 


0,0/3 




tosufloxacin 


1.8,4/5 


0.8, 4/5 


0.2, 1/5 



50 



Test 4 

Chromosomal aberration test: 

55 

CHL cells (0.2 to 2x1 0 5 cells/well) suspended in an Eagle's MEM medium having 10% bovine fetal serum added 
thereto were incubated in a 60-mm dish. After the cells were cultured at 37°C for 4 to 72 hours in the presence of 5% 
C0 2 , the medium was replaced by a medium containing an agent in a different concentration and cutturing was contin- 
ued under the same conditions. In the case of a metabolic activation method (S9 added medium), after 6 hours of cul- 
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turing, the medium was replaced by a medium free of an agent and S9 and culturing was continued for a further 18 
hours, in the case of a direct method, the ceils were cultured in two ways for 24 hours and 48 hours. At the end of cul- 
turing, a chromosome sample was prepared according to the method prescribed by the Japan Surrounding Mutagen 
Society. Using a microscope, 100 metaphase images were observed to calculate a rate of structural aberration. 
5 As a result, the compounds of Examples 48 and 1 1 7 were negative in a concentration of from 0 to 200 ng/ml. 

Claims 

1 . A pyridonecarboxylic acid derivative of the following general formula (1 ): 



R 6 0 



15 



20 




(1) 



wherein R 1 is a hydrogen atom or carbaxy protecting group, R 2 is a nitro or substituted or unsubstituted amino 
group, R 3 is a halogen atom, each of R 4 and R 5 , which may be the same or different, is a hydrogen atom, halogen 
atom, lower alkyl group or lower altoxy group, R 6 is a hydrogen atom, halogen atom, hydroxy group, lower alkyl 
group or amino group, R 7 is a hydrogen atom or halogen atom, A is a nitrogen atom a -CX= wherein X is a hydro- 
gen atom, halogen atom, lower alkyl group or lower alkoxy group, and 2 is a halogen atom or a saturated cyclic 
amino group which may have a substituerrt, or a salt thereof. 

fM 2. An antibacterial agent comprising a pyridonecarboxylic acid derivative or a salt thereof as set forth in claim 1 as an 
active ingredient. 

\m 35 
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